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SUMMARY
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1 INTRODUCTTION

s

GEMS is an image processing instrument and GEMSTCNE 1s the ‘user frienmdly’
software system that controls GEMS. The combination of GEMS and GEMSTONE can
cope with a wide varlety of images. Initially, GEMSTONE was designed to deal
with the data from the American spacecraft lLandsat and in particular from its
Multi-Spectral Scanner (MSS). Although many of the processes in the system have
come from experience of handling ILandsat MSS imagery, they have been implemented
in a very gemeral way. Thus, whereas landsat MSS has four spectral bhands (ie
four co-incident images taken in different parts of the spectrum), the system
can cope with 20 lmages, meking it suitable for examining data from the Landsat
Thematic Mapper (7 bands), airborne scanner systems (11 typical), and
multitemporal images (up to 20), etc. Similarly, in landsat MSS, one picture
point can have an intensity in the range from black to white, or fram O to 255.
The system can cope with an intensity range of -327v68 to 32767, meking it
sultable for the examination of data from the NOAA series of weather satellites
(0 - 1023) and radar imaging systems (eg Seasat SAR, O - 8191), eto. Floating
point numbers are also supported. The processes are thus very general in
design, so that current and future spacecraft imagery of all types can be
handled, together with aircraft scanner/camera data, and also pi.ctu:es from a
wilds variety of terrestrial activities.

1.1 Introduction to the operaticn of GEMS

GEMSTONE provides easy control of GEMS by means of a ‘menu’ system. Rather than
typing computer commands at & terminal, the user points at commands on the
television screen. Unfortunately, & finger cannot be used, but it is easy to
move & cursor, under the control of a rolling ball, to the required commarnd
written on the screen and then to press a button to execute the command.
Perhaps this can best be illustrated by the following short sequence. Little
explanation of what is happening is given at this stage, Dbut if these
instructions are followed, the user can select and display an image.

Initially, the display on the television screen should have the cursor
placed over the box 1labelled ‘Choose an Image’. The 'INPUT’ button is then
pressed. (See Fig 5 if the button labelling is not abvious.) A list of scenes
then appears and the user should move the rolling ball so that the cross of the
cursor lies inside the box at the start of the description of one of the scenes.
‘INPUT’ is then pressed and the cursor now appears over the command ‘Copy an
Image’. ‘INPUT’ 4s again pressed allowing the user to copy an image into GEMS
from the computer. A large number of commands are now displayed, but if the
user simply presses ‘INPUT’ until the command ‘end’ has been executed, then the
chosen image will be brought into GEMS and displayed on the screen. All the
complexities of the the storage of images in computers, the transfer and display
are thus transparent to the user.

Simply following these instructions will enable the user to display a
chosen image. However, to proceed further and in a wide variety of directicms,
an understanding of the background of the GEMS system, the GEMSTONE software and
the image processing functions is required.




2 GEMS ORGANISATION

STORE 1 | 1 RED
> [ wor [ |
HOST STORE 2 |t ' GREEN : | ‘
>t 3 10T ™ g
m SI{RE L m ;
— T
STORE 4 |e—i—e :
VDO | ----| MICROOCCMPUTER |------
; CONTROL
PANEL

Fig 1 Organisation of GEMS

The central ccwpconent of the GEMS system is the image store shown on the
left in Fig 1. A digital image is made from a large number of discrete
rectangular picture elements, or pixsls for short. A photograph can be
considered as a large pumber of successive lines where each line coztains a
large mumber of pixels. In each GEMS store there are 512 lines each containing
512 pixels, making a total of 262,144 pixels in one image. later versicns of
the GEMS hardware have stores which can hold 1024 lines of 1024 pixels.
GEMSTONE also works with these versions. There are so many pixels that the eye
cannot see them as & collection of points, but rather as a continucus plcture.
Each one of these pixels bas an intensity in the range from black to white. For
the camputer, the pumber O represents hlack and 255 represents wbite so that 127

corresponds to mid-grey.

Four of these images can be stored and any one of these can be connected
to any of the three colour guns of the television. Thus in Fig 1, inside the
box labelled ‘CONTROL PANEL’, a& connecoticn can be mads from store 1 to red,
simply by pressing a button. This set of three colour guns, red, green and blue
can be used to make any other colour. Thus if store 1 were connected to red ard
green, the picture on the screen would be yellow. Connecting store 1 to blue as
well, would result in a black and white picture. Eowever, before the picture is
displayed on the television, the data pass through a box labelled ‘LUT’, which
enables the user to change the contrast range (see section 5.4) and to perform a
density slice (see section 8.85).

Simple menu requests to the microccmputer can copy imeges from the host
computer into the GEMS stores as has been demonstrated in secticn 1. For
example, a lLandsat MSS socens might be copied so0 that band 4 is in store 1, bacnd
S in store 2, band 6 in store 3, and band 7 in store 4. The standard landsat
false colour composite can then be oreated ry pressing the buttons to connect
store 4 (ie band 7) to red, store 2 to green, acd store 1 to blus. (See section
4 for more dstalls of the control panel).

- my ('3




M

5

Processing other than density slicing and oontrast stretching is dome in
the host computer and the simple menu requests to the microcomputer can result
in a wide range of simple and camplex prooesses being executed by the host
computer.

Besides the four stores, there are four ‘overlay planes’ that allow the
user to superimpose information on top of the picture by pressing the buttons on
the extreme Ileft of the oontrol panel. These overlays are used to display the
menus and classification results eto.(See section 4 for more details of the

control panel).
The remainder of this section may be cmitted initially.

In order to oonsider the operation of the stores in more detail, it is
necessary to have a basio understanding of binary numbers. With decimal numbers
there ten characters, namely 0,1,2,3,4,5,6,7,8,9 but in binary there are only
two, O and 1. Vhen oounting using decimal numbers, the characters are used in
order fram O to ©. To proceed beyond © requires two characters starting at 10
and going to €9, after which three characters are required, eto. Similarly in
binary, after oounting from O to 1, a seoond character is required, starting at
10 and going to 11, after which three characters are required, eto. This
decimal and binary counting prooedure 1s shown in Table 1, where, starting at O,
the mumber 1 is added to each successive lins.

Decimal Binary
0 o]

1 1

2 10

3 11

4 100

5 101

6 110

7 111

8 1000

9 1001
10 1010
11 1011
08 1100010
%) 1100011
100 1100100
101 1100101
254 11111110
255 11111111

256 100000000

Table 1 Comparison of Decimal and Binary Counting
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Thus, to count to 255 requires 8 digits in binary. This binary number is
gald to have 8 ‘bits’ (short for BIpary digiTS). The GEMS system is designed to
deal with images where the range of intensity for a pixel is from black (level
0) to white (level 255). ie 8 bits are required for each intemsity value. Note
that the characters in the leftmost oolumn are more important or more
significant. Thus in decimal, the numbers in the hundreds column carry more
weight than the numbers in the tens column. In binary, the bit on the left is
called the ‘most significant bit’ or MSB and the one on the right is the ‘least
significant bit‘ or LSB. The MSB is generally called bit 1, and the LSB, bit 8.

An electronic switch can be used to represent a sindle Dblt. A switch
which is OFF represents O, and ON represents 1. An 8 bit number therefore needs
8 switches. A simple example of a digital image is shown in Fig 2.

- f———j’t’b SET .
| S e
‘ = [‘1, 1SB
3| 4 7| }ropl—14 -
8l 11| o8 _
egloomﬂ (
MSB

(

Small section of an image
3 lines of 3 pixels each.

Fig 2 Storage of pixels in a computer memory

One pixel has the value 98. From Table 1, the binary equivalent of this
is 01100010. The eight switches required to hold this number are shown. Each
pixel has a similar set of eight switches and the result is that all the MSB
switches are collected in a plane, and likewise for the other seven bits. These
so—called ‘bit planes’ are very useful in GEMS. For example, suppose & soene
has been classified into water and non-water (see section 5.8 for details of the
classifier). Vherever there is a ‘water pixel’ a switch in a bit plane can be
turned ON. Wherever there 1s a land pixel it can be turned OFF. This
classification result can be stored in one bit plane, therefore allowing eight
classification results to be held in cne image store.
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The ‘overlay planes’ menticned above are single bit planes which could
hold a classification result. The buttons on the extreme left of the control
panel allow this information to be superimposed cn top of the displayed image.

Vithin the various chapters of GEMSTONE it will be notioced that 2C stores
are listed and not 4. Only the top 4 labelled D1,D2,D03,D4 are real physical
stores in the GEMS hardware. The others are ’‘virtual’ stores in the host
ocmputar memory system and are used to- hold intermediate results,
classifications, other extracts, other images, images with more than 4 bands
eto. These ‘working’ stores can be treated exactly as if thay were real GEMS
stores, the only difference being that they cannot be viewed at the press of a
button. To display an image in a working store, it is simply copled into a
display store (see secticn 5.3). With a little experience, great use can be
made of these working stores. Inltially it can be likened to a desk cn which
there are 20 photographioc prints. Each one can be brought into the middle of
the desk for close examination, and put on the outside edge when not currently
needed. Thus an image can be moved quickly into cne of the top 4 stores (ie the
middle of the desk) for examination, and then put in ome of the lower 18 stores
when the examination is camplete (ie the outside of the desk). However, the
camputer does not have the limitaticn of the human in locking at images. Thus
the human at his desk can only lock at one photograph at cne time, whereas the
camputer can work on all 20 images at the same time.

These bottom 18 stores or working stores have one extra capability.
Instead of having 8 bit planes, they have 16, enahling one to store images with
a much wider dynamio range (ie -32768 to 3276'7) The processes in the system
are designed to bandle such data, and when it is required to display such an
image, the facilities within the arithmetic package (see section 5.10) can be
used to campress or truncate the data to 8 bits.

For operations such as Fourier transforms, even the dynamio range of a 16
bit Jinteger number is too small. hence there 1s a floating point format which
can be used in the lower 168 stores. Bit 1 (the MSB) i1s the sign of the
mantissa. The next eight bits (ie bits 2 to 9 inclusive) are for the exponent
giving a range of 2 to the power -127 to +128 (equivalent to 5.9 * 10 **-39 to
3.4 * 10 **+38). The last 7 bits (bits 10 to 16 inclusive) are for the
mantissa, which is normally stored in the form O.xxxxxxx, with the 7 bits after
the decimal point. AsS an example, the binary number 10111.01101 could be stored
as 0.0001011 * 2 =**8, but there are only four significant digits in the
mantlissa. A better way to store this would be as 0.1011101 * 2 **S, ie with the
significant digits left justified to the decimal point. EHowever, every number
would start with O0.1. Thus the best way to store the number is as 1.0111011 * 2
*s4 and only the bhits after the decimal point are stored. This effectively
provides a mantissa resolution of 8 bits plus the sign bit.




3 GEMSTONE CRGANISATION

This section describes the general way in which GEMSTONE operates. ‘There
is no information in this section about what a particular cammand does, but it
is about bhow to execute commands in gemeral.

The first page on the screen 13 the ‘Contents Page’, and rather like a
book, it bhas a list of ‘Chapter Headings’. There is a cursor which can be moved
using a rolling ball. If the cross of the cursor is placed inside a box
containing a chapter heading, and the INPUT buttcn pressed, the chapter itself
is displayed on the screen. }).dsls of GEMS with fixed overlay planes have a
coloured patch rather than a cursor, which is moved in exactly the sams manner,
to the desired cammand. This operation is similar to cpening a bock and
the pages to the desired chapter. Just as in a book, when the user has finished
with a chapter he ‘returns’ to the contents page and selects the next chagter.
This sequence of turning pages in a book is illustrated in Fig 3 and in <the
following example.

‘ |
Contents Page — . ./ | | FILTERS~ Chapter Heading
|
\ |
1574 | i
Ik
' INPUT ‘INPUT”
/ -
| / | Secondary | ! ; ‘
! | Commands ! ‘ '
Chapter Primary | _— ! ; !
Pages .IComa.nds; | l

Fig 3 Operation of the GEMS menu
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Suppose i: 1s required to perform a density slioz (see section 5.5). The
cursor is placed over the box containing the chapter heading ‘density slice’ in
the contents page and the INPUT button is pressed. This commands the pages to
be turned to the chapter on density slicing. The cursor appears over a set of
instructicns on the left hand side of the screen, and these are the ‘Primary
Commands’. As before, a cammand is executed by moving the cursor over the
required operation and pressing the INPUT Dbutton. In  general, further
instructions are needed, and the ocursor is automatically moved to groups of
‘Secondary Cammands’, where the user is invited to choose from various options
and press INPUT. Text appears at the bottom of the screen to help the user
decide what Iinformation the system requires. This sequence of secondary
camrands contimues until the system has enough information to do the required
processing.

When the process is completed, the system may return to the primary
camands to await the next instruction, or it may distlay the result of the

processing. To proceed from the latter case, the user simply presses INFUT to
get back to the primary commands.

When the user wishes to perform another process not listed in the chapter,
(1e to leave or quit the chapter), the QUIT button (top right of comtrol panel.
See section 4) is pressed. This command moves the cursor down to the set of
camands at the bottom of every chapter, as shown in Fig 4.

Fig 4 Ccomands at the bottom of every page

Execution of these commands is exactly the same as for all the other
camands, 1e press INPUT when the command has been selected. The cross of the
cursor will appear over the ‘Return’ box. Simply pressing INPUT returns ithe
user to the contents page, where anothar chapter can be selected. Iz the
contents page ‘Return’ is replaced by ‘Stop’, which on execution causes tke
program to terminate. This is only used at the end of a session since 1t
requires the system to be restarted from the computer terminal.

‘Help’ provides the user with basic information on the terminal relating
to the cammands on the current page only.

‘Status’ provides the user with information on the termiznal relating to
the status of the system with regerd to the particular commands on the current
page. Thus the status of contrast stretches only appears in the page on
contrast stretching.

‘Image’ simply removes tke menu overlay so that the image can be seen. TO
restore the menu, INPUT 18 pressed.
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layout rf the Control Panal.

Fig S.
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4 CONTRCOL PANEL

Since in designing the control panel there were two conflicting
requirements, namely, to keep a fairly simple layout and yet to provide the user
vith a wide range of functions, many of the buttons have two modes. The key to
this mode ocamplexity is the white button labelled MODE in Pig 8. If the 1light
oo under this switch, then the system 15 in mods 0. This is the initial mode
hen all the buttons on the panel execute the function written on them. In mode
, there is no light under the MUDE buttom.

HtE-

(a) Mode O functioms

Starting from the left hand side, the first set of buttons are labelled,
OovVLY 1, OVLY 2, OVLY 3, OVIY 4, OVLY QFF. Pressing OVLY 1 will cause the first
overlay plane to be displayed om top of the image. Pressing the button again
will cause the overlay to be removed. The other three overlay planes operate in
the same manner. The last button in the group, OVLY COFF simply removes all
overlays from the image. In normal operatiom, it will be found that the memu
pages rTeside in the first overlay plane. If the GEMS model has fixed overlay
planes, one of these will be used for the memus. GEMSTONE uses overlay planes
two and three to display information to the user. It does not write into
overlay plane four, which is kept free for the user to insert text, outlines,
patches, e6to which may also be used as inputs to scme of the GEMSTONE routines.

The next set of buttons are labelled, Z0QM 8, ZOOM 4, 200M 2, ZOOM 1, ZOQM
OFF. These buttons allow the user to enlarge part of an imege by factors of 2,4
or 8. Pressing a zoom button causes that zoom factor to be applied. To change
the zoom, another zoom button can be pressed, or the zoom may be disabled by
pressing ZOCM OFF. While in the zoam conditicn, it is possible to ‘pan’ arcund
the image wusing the rolling ball. Hence the reason for a Z0CM 1 buttcn, since
this enables tha user to pan an image with no 2zoom. The way 4in which this
function oOperates, for a zoom of 2, 1s to display a pixel from the store on two
television picture points, and duplicate the line. Similarly for zcoms of 4 and
8, where one pixsl is repeated 8 times along a line and on 8 1lines, making 64
points in all. The zoaming operation is centred on the cursor cross. Thus if
the cursor i1s positioned on top Of the area of interest in the scene, this area
will remain on the television screen when the zoom is changed. For a zoom other
than one, about 850 pixels and 580 lines can be displayed. Thus when zocmed by
2, 850 pixels cut of the 1024 can be displayed and 580 lines out of 102¢. This
amounts to about 1/2 of the image. Abcut 12% can be seen at a zocm of 4 ard
about % at a zoom of 8.

The next group of buttons are round the MODE button and they bhave
directional arrows on them. They are used to move the cross of the cursor by
ong step in the direction of the arrow. It should be noted that when rectangles
are on the screen, they are not versions of the cursor and cannot be moved by
these buttons.
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Below this group of cursor control buttons, are two buttons, CSR ON, and
CSR (OFF, that allow the user to display the cursor or to remove it.

In the middle is a large black ball that rolls when pushed sideways with
the fingers. This is used to move the cursor, move rectangles, change the size
of rectangles and provide the input to many of the prooesses which require user
interaction.

Immediately above the black ball, is a knob which when rotated clockwise
brightens the lamps under the buttons on the control panel.

The next button labelled INFUT is the one used to execute all processes in
the system. No command operates until this button is pressed. It should be
noted that the button anly operates when it is illuminated. Thus the user is
‘invited’ to execute a ocommand when it is lit.

The next group of buttons are the ocoloured cnes labelled MEM COFF, 1, 2, 3,
4. If the red ‘1’ button is pressed, them store 1 is ocomnected to the red gun
of the telavision. If greem ‘l’ and blus ‘l’ are also pressed, then store 1 is
connected to all three guns and a hlack and white piocture results. Vhereas ome
store can be connected to more than one telesvision gun, only ome gun can be
connected t0 one store. So if red ‘l’ is pressed followed by red ‘2’, store 1
will be disconnected. The buttons MEM CFF allow the user to discomnect the
store from the colour gun. Note that the illumination wunder these buttons
in. orm the user which store is comneoted to which colour gum.

Above the coloured switches are the final two buttons. The one on the
left labelled ‘CHNG’, allows multiple operations of the rolling ball. For

"example, if a rectangle is to be positioned inside a small area, then it must be

moved using the rolling bell, but its size must alsoc be changed. This button
when opressed allows the user to chande the size of the rectangle. A further
press returns the user to moving the rectangle. In other words, the button is
cyclic. If there are three operations for the rolling ball, then they are
implemented in turn. When the contents page or the varicus chapter peges are
being examined, this button serves another purpose. The cursor will be over a
Primary or secondary command and to move to another, the rolling ball will
normally be used. Pressing the ‘CHENG’ button moves the cursor to the next
command in the sequence (or to the top if currently at the last command). These
two ways of moving the cursor are interchangeahble and can be employed at any
time.

The last button at the top right is labelled QUIT. It is used to quit or
leave a chapter (see section 3). If one makes a mistake when supplying details
for a process, pressing the QUIT button twice returns the user to the primary
commands so0 that a fresh start can be made. It can only be operated when it is
11t and in particular, if the user has started execution of a process, it cannot
be stopped using this button. Care should therefore be exercised before firnally
executing a command that may take a long time or may destroy some previcus work.

r
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(b) Mcde 1 functions

As mentioned above mode 1 is operative when the light under the MOLE
button is off. Mode 1 only affects the buttons on the left side of the panel.
The four overlay buttons OVLY 1, OVLY 2, OVIY 3, OVIY 4, can now be used to
change the colour of the overlay. Pressing one button several times will cause
the colour of the corresponding overlay to- change through a fixed, short
sequence of colours (white, bhlack, red, green, yellow, blue, magenta, and cyan).

"Thig is & useful facility when the Dbackground of the image is close to the

default colour of the overlay.

For the zoom buttons, even in mode 1, operation continues as in mode 0 as
long as the light under ZOOM COFF is unlit. When this button 1s pressed and
therefore illuminated, the user will find that if the image is already 2zoomed,
it stays zoomed and that the scene cannot be panned underneath the fixed cursor.
In this case ‘ZOCM OFF’ is much morse like ‘pan off’. On returning now to mode O
(ie light under mode button on), the rolling ball controls the cursor, which can
now be moved over the fixed, zoomed image. Pressing Z00M OFF cnce more causes
the rolling ball to revert to controlling the pan arcund the image.

In the group around the MIDE butteon, if the button with the arrow pointing
to the left is depressed, the button will be illuminated and all operations in
that direction (along " the x-axis) will be frozen. Thus if the cursor is to be
moved in this situation, it can only be moved vertically. This allows the user
to make precise vertical movements. If a ZOOM button is pressed now, there will
only be & 2zoom in the vertical direction. Similarly the button with the arrow
pointing down (towards CSR OFF/CSR QN buttons) <£reezes operations in the
vertical direction (or along the y-axis).

Within the ‘Classifiers, Copy Bit Plane’ and ‘Text and Graphics’ chapters
are facilities to ‘paint’ an area (see sections 5.8 and 5.9). In mode O, tke
rolling ball can move the ‘paint brush’ arcund the sCreen and in mode 1, the
size of the brush can be varied using ths rolling ball.
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Fig 6 Layout of the contents page

rs"nm "




15
5 [ETATTS CF THE COMMANDS

5.1 Introduction to the commands

Each of the following sections deals with one of the chapters shown in the
contents page illustrated in Fig 6. It is now assumed that the user can access
and quit each chapter (see seotion 3). For each section following, there is a
figure showing the chapter page as it appears on the screen. All the secondary
commands also appear. On first accessing a page on GEMS, the user may find some
of the secondary commands missing. They will appear when the user initiastes a
cammand that requires them.

All the sections from 5.3 0 5.12 are laid out in the same style as
follows.
‘Command Name’
SUMMARY
‘Brief description of the command’
CCMMAND IN DETAIL

‘Full description of the background and operaticn of the command’
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BANDS

—~n

1
3
3
1

4
4
3
4
3

J349 2286
3500 2944
1024 1024
254 254
256 256
698 2891
312 512
1024 1024
1024 1024
1700 1500
1501 1261

CHOOSE IMAGE

[
(1
(1
(1
(1
(1
(1
(1
(1
(1
[1

SIZE TYPE DESCRIPTION...

TEST

SE

ION

FLEET ENHRANCED

FLEET

RERIAL PICTURE

PRESTON

YENICE HARBOUR EXTRACT 1024%1024
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Fig 7 The ‘Chocse an Image’ page
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5.2 Choose an Image

A 1ist of all the images available to the user is displayed. An example
of this is shown in Fig 7. To select an image, the cursor is moved into the box
at the end of the required image, and the INPUT button pressed. On each lire,
there is a short description of the socense, the number of speotral bands, the
size of the image, and, under ‘Type’, whether the intensity of a pizel is
represented by 8 bits (1e Il) or by 16 bits (I2). If, as in most cases, the
image 1s Il, the user need concern himself no further, since all the GEMSTONE
functions will operate without any problems. If the image is I2, as for example
in some radar imagery, the working stores which are 16 bit, must be used for the
original data. The arithmetic package (see section 5.10) can be used to
manipulate such images and to compress or truncate them for presentation on the
television from the display stores.
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5.3 Copy an Image

This chapter contains the following commands.

COPY IMAGE TO STCRE
SUMMARY
The image selected in ‘Choose an Image’ (pl7), can be copied from the host
camputer into any of the GEMS display or working stores. The command is
also used to copy an extract, specified by ‘DEFINE EXTRACT’ (see below).

COMMAND IN DETAIL

~—
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The first time the command is executed very few secondary commands are
required. GEMSTONE calculates how to sample the original scems so that
i1t fits on the screen. For example, if there is an imasge with 2700
pixels per 1line and 2000 lines, then GEMSTONE will only pick one pixel
in six, and one line in four. This image which now contains 450 pixels
and 500 lines is the largest cne which is still less than the limit of
512 by 512. Omnly integer sampling is used in this process. Note also
that, since the picture does not cover the whole screen, but is only 450
pixels by 500 lines in this example, the area of the screen that GEMS
will process when using other functions in the menu, is also 450 by 500.
For most operaticns this is exactly what is wanted, since account is not
taken of areas with no real picture information. Occasionally it is
required to process outsids this limited area, and this can be dome by
copying one image into any store such that all 5§12 by 512 pixels are
filled. As an aside, it should be noted, that execution of the STATUS
command results in the dlsplay on the terminal of scene details
including the sampling used. Thus the sampling which GEMSTCNE has
selected for the original scens can be found if required.

The user is asked next which spectral band is to be copled into
which GEMS store. For the first execution of this command, it is
suggested by GEMSTONE that only the last band be copied. This is
because the computer has to do a lot of work in the sampling just
described, and therefore the copy process is a little slow. If the next

t of the user is to define an extract (see below), then a
single band i1s all that is rc essary to find the area of interest in tkhe
scens. Of course, this su, estion can be overruled and all the bards
can be copied. Since the system has to know when all the bands axd
stores have been selected, the last secondary command is ‘END‘. This
causes the process to execute, copying the imsge into the GEMS stores.

¥hen ths chapter page 1s accessed next, it will be noticed that
there is a yellow box beside the store number, where previously there
were four question marks, indicating that the store no longer has
unknown data, but has been loaded with an imags.

On subsequent executions, a further command is used. Tkere may be
one or more extracts defined (see below) in which case the extract (or
the original) to be copied, has to be specified.
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CEFINE EXTRACT
SUMMARY

As was stated in the ‘COPY IMAGE TO STCRE’ ccmmand (pl9), GEMSTONE normelly
samples the imagde to make it fit the television screen (ie the 512 by 512
store). This command is used to define smaller areas for extraction and

subsequent display with finer sampling, down to ‘1l’, 1e every pixel can be
used.

COMMAND IN DETAIL

The first question asked is the mumber by which the extract is to be
known. Up to 8 extracts can be defined and are called extract number 1,
extract number 2, eto. When oms (or more) extract has already been
defined, it 1s possible to define the new extract from the origizal
scens or from an existing extract. The source for the extract therefore
has to be decided. Next, there is the option of displaying the extract
over the whole screen or in cne of the four quadrants.

If the original scene was larger than 5§12 by 512 pixzels, then it
will bhave been sampled to fit the screen. The user i1s now asked how the
extract should be sampled in both the x direction (ie horizontally), and
the y direction (ie vertically). A rectangle appears on the image and
the chapter page is removed. Using the rolling ball, the user can
salect the area of interest. The co-ordinates of the top left corner of
the rectangle relative to the top left of the original image, are given
at the bottom of the display. This whole process is s0 arranged that
the area 1inside the rectangle will just fill the screen (or store) when
sampled as the user directed. It is possible to reduce the size of the
rectangle by pressing the 'CENG’ button and moving the rolling ball. In
this case, the size of the extraot is displayed at the bottom of the
screen. VWhen the image is subsequently transferred, it will not £fill
the whole screen and as noted in ‘COPY IMAGE TO STCRE’, only this area
will be used for processing in subsequent commands. If the rectargle
does not include all of the area of interest, then eilther it has to he
examined in pleces, or a coarser sawpling must be used. In this latter
cass, the INPUT button can be pressed to return the user to the Primary
coammands, and the same extract can be redefined with a different
sampling. Note that one of the sampling options is ‘AUTO’. EHere, Just
as in the initial copy, the system chooses the best samplirg to alxmest
£111 the screen with ths whole image.

On setting up second and subsequent extracts, the position of the
previcus extracts are shown to help ths user locate the required acea.
It is often helpful to keep oms band of the original image in one of tlhe
display stores (1e stores 1 to 4), to further assist in the locaticn of
extracts.
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COPY STCRE TO STCRE
STUMMARY

Using this command, images can be moved quickly from ome store to another.
This copy is many times faster than copying from the original image.

COMMAND IN IETATL
Having commanded GEMS to copy the whole image or a quadrant, the scurce
store and the store into which the image is to be copled, are specified.
The last command instructs the system to apply no contrast stretch to
the data during the copy process, or to apply cne from the colour LITs

(see section 5.4). This option allows the user to comtrast stretch (or
slice) an image and to store the image after stretching.

ERASE STORE
SUMMARY
This command simply allows the user to erase all or part of a store.
CCMMAND IN DETAIL
The system is first commanded to erase the whole store or a quadrant and
the store is then specified. When the task is completed, the yellow bex

(or the question marks) beside the store mumber on the chapter page, is
erased.

ADD WEDGE
SUMMARY
¥hen performing a contrast stretch (secticn 5.4) or a density slice (sectica
8.5), it is scmetimes useful to have a grey wedge (ie a strip of image whick
is black at cne end and white at the other) inserted into the image.
COMMAND IN DETATL
The only choice, is the location of the wedge, along any of the four

edges of the image. The wedge is applied to all four display stores ard
the data that the wedge replaces are held elsewhere in the ccmputer.

REMOVE WEDGE
SUMMARY

This command restores the original data removed by "ACD WEDGE'.
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5.4 Ceontrast stretch, Histograms, Intensities

Adjustment of contrast has been dorme to rpictures since the birth of
photography, but the problem of contrast stretching is much more extreme in
digital images. The human eye can distinguish between 10 and 20 separahble grey
levels and so photograpaic pictures which hold 20 or 30 levels, are well matched
to the eye. However, it is very difficult to display the subtle intensity
detail in a digital image of say 200 grey levels, wken the eye can cnly see 10
to 20. Contrast stretching simply to brighten up a dark image can make the
ricture more interpretable, but it may not highlight a great deal of detail that
could be useful. This chapter contains four automatic contrast stretches and
three manual cnes to help the user make the most of the data, visually.

Much use is made in this chapter, of histograms of intensity. These are
charts or graphs whers the horizontal axis contains all 256 possible intensity
levels, and the vertical axis shows the number of pixels from the scens at each
intensity. Fig 9 shows a typical histogran.

£ | \\\
O ;
pixels : .
N \\
o] t 50 t 100 150 t2co 255
P R Q
INTENSITY

Fig 9 Typdcal histogram of intensity in an image

»Address|{ 0@ 11 21 -] ~T127128] -7 -1285! CUTFCT
INPUT Content! O 2] 4| -l -1254/255] -| - 255 -

Fig 10 Block diagram of the operation of a lock-up table (1LUT)

As wvas mentioped in secticn 2, the data from an image pass through a box
labelled ‘LUT’ (ie lock-up table), before being presented on the televisicn
screen. This is shown in Fig 10, where a pixel at tke input is treated as an
address in the LUT. In this example, if a pixel of intensity 2 appeared at the
iaput, location 2 would be nxamired, and the ocutput would have a value equal to
the contents of location 2 ie a value of 4. This simple LUT can thus multiply
the intensity of any pixel by 2 up t0 a maximum input value of 127 after which
all the output values are 255. The microcomputer in GEMS, although not fast
encugh to cope with the high data rates required by TV, can still load the 256
Junbers into the locaticns in a fraction of a second, and the LJT itself can
tken run fast enough for the TV. Different contrast stretches are produced by
the microcemputer changing the numbers in the LUTs.
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The graph in Fig 11(A) shows what happens to the data wken location x in
the LUT bhas the ccntents x. Data entering ths ILUT at level 80, leave the other
side at level 80 as well. This graph is called a ‘transfer function’ since 1t
shows how the 1input data ars transferred to the output. Fig 11(A) is tke
‘unity’ transfer function, since it does not change the data. In Fig 11(B), tke
transfer function has been changed so that data at level 80 leave the IUT at
lavel 85. However data at 30 or below all emerge at level 0, and data at 180
anxd above emerge at level 255. This would be'a sultable oontrast stretch for
the data shown in the histogram in Fig 9, since there is wvirtually no
information below 30 or above 180. Thus the range fram 30 to 180 has been
stretched to +the range of O to 255. Eence the name for the process. Since the
graph is a straight line, this is called a lipear ccatrast stretch.

258 285

-
~ /
/r

0 80 265 0 30 80 180 255
INFUT INPUT
(A) No Stretch (B) Simple Linear

255 /—“ 258 L —
/ )
QUTPUT . OUTFUT .
127 |— — —/ |
| 1
| |
.
0O 30 80 180 255 0 255
INPUT nNPUT
(C) Two-step Linear (D) Non-linear

Fig 11 Typical transfer functions for contrast stretching
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The histogram shown in Fig 9 was skewed. In fact the median of the data
(ie the level at which half the pixels are below and half are abcove) was at 80
(R in Pig 9). The linear contrast stretch moved this to level 85 as shown in
Fig 11(B). Most pixels would therefore leave the LUT with an intensity of less
than 127, or mid-grey. Thus the picture will appear fairly dark and difficult
to interpret. The next stage in this sequence of contrast stretching is a two
step linear stretch as shown in Fig 11(C). Here the median data emerge at level
127, ie mid-grey. There are as many pixels above this level as below giving the
ploture a good balance. The next stage in the sequence of contrast stretching
leads to much more ocmplicated transfer functions as illustrated in Fig 11(D)
and they are non-linear.

Fig 12 illustrates the effect of the four transfer functions in Figs 11
(a), (B), (C), and (D). It is difficult to see the image in Fig 12 (A) since it
is s0 datk, and thisg is illustrated in the histogram shown below the image. The
scens is of the Portsmouth area in England and was taken by the Thematic Mapper
(Band 4) on landsat 4 on 4-Feb-83. A mid morning winter image of the UK is
bound to be dark, and this picture demonstrates the need for contrast
stretchirg.

The simple linear comtrast stretch shown 4in Fig 12 (B) (corresponding
approximately to the transfer function in Fig 11 (B)), produces a satisfactory
result. The histogram of the stretched image shows a good spread of the
informaticn over the whole display range of O to 255. Note the distribution
appears to be bi-modal, the left hand peak corresponding to the water area, and
the right hand peak, to the land. The image might still be thought a little
dark and the median of 82.9 (shown to the right of the histogram in Fig 12 (B)),
is well below mid-grey level of 127. The result of a two-step linear contrast
stretch (of the type in Pig 11 (C)) is shown in Pig 12 (C), where the median of
the land data has been moved to mid-grey, although the overall median is at
120.9 due to the large number of dark sea pixsls contributing to the statistics.
Finally, in Fig 12 (D), a non-linear contrast stretch has been applied on top of
the stretch in Fig 12 (C). The effect of this is to broaden the distribution
(note that the standard deviation has increased fram 52 in (C) to 61 in (D)), or
to maks the image lock more oontrasty. It may be easler for the eye to see
certain features in such an image, but others will be lost in the highlights axd
shadows. This demonstrates that a single contrast stretch for all applications
is a compramise and that the human eye can extract most information for a
particular application by using an interactive image proocessing machine to
produce a specifio stretch.

It should be noted that when performing contrast stretches, the contents
of the stores are not altered. It is only the LUTS that are charged. To have a
stretched image in a store, requires the original store to be ccpied to itself
or elsewhere, through the LUTs, using the ‘COFY STCRE TO STCRE’ ccmmard (p21).
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AUTO LINEAR
SUMMARY
This provides a simple autcmatic linear contrast stretch as in Fig 11 (B).
COMMAND IN DETAIL

The first command instructs the system which area to use to produce the
histogram. ‘Whole Extract’ indicates that the whole scene dlsplayed is
to be used to provide the histogram information. If a ‘Part Extract’ is
selected, a rectangle appears. The rolling ball is used to move the
rectangle to the ares of interest and after pressing the ‘CENG’ button,
the rolling ball can change the slze of the rectangle. On pressing
‘INPUT’ thes system produces the three histograms for the images
connected to the red, green and blue guns of the television. GEMSTCNE
f£inds the points P and Q in the histogram dlagram in Fig 9. This 1s soO
arranged that about 1% of the data lies below P, and 1% lies above Q.
These small amcunts of data are all compressed into level O and level
255 respectively. Three transfer functions are produced similar to Fig
11(B) and put into their respective LUT boxes, resulting in the
stretched picture appearing on the screen.

The next time a contrast stretch is applied, when the user has to
specify the area for the production of the histogram, GEMSTONE suggests
‘last One’. If ’'Whole Extract’ was specified previocusly, 1t will be
used again, and similarly if ‘Part Extract’ was specified then it will
be used again without having to redefine the area.

AUTO 2 LINEAR
SUMMARY
This provides a simple two step linear contrast stretch as 1llustrated in
Fig 11 (C), where the uedian of the input data is set to level 127 or
mid-grey on the output.
COMMAND IN DETATIL
The operation of this command is exactly like 'AUTO LINEAR’, except that

three transfer functions of the form shown in Fig 11 (C) are loaded into
the three LUTs,

AUTO EQUALISE
SUMMARY
The histogram shown in Fig 9 bad a large peak in it. This contrast stretch

is such that it produces an histogram of the output data frem the LUT becxzes
having & flat top. ie an equidensity or rectangular distribution.
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CCMMAND IN DETAIL
. The operation is exactly like ‘AUTO LINEAR’, except that three transfer
functions of the form shown in Fig 11 (D) are used.
\
b
! AUTO GAUSSTAN
)
F SUMMARY

As for 'AUTO EQUALISE’ a complicated transfer functicn is produced. This
time the resulting histogram has the shape of a standard ‘Gaussian’
distribution.

COMMAND IN DETAIL

The operation 1s exactly like ‘AUTO LINEAR’, except that three transfer
functions of the form shown in Fig 11 (D) are used.

MANUAL
SUMMARY

Should the user consider that none of the automatic contrast stretches gives
the enhancement required, even with the facility to choose a limited area
for the statistics, then the transfer function can be adjusted mamually to
produce a range of simple linear and camplex stretches.

COMMAND IN DETAIL

The user 1s first asked whether the contrast stretch is to be applied to
all colours (as in the case of a black ard white image), or to a single
colour. If different stretches are to be applied to each colour, then
they have to be applied sequentially. The next cholce is the type of
stretch to be used, namely, ‘Simple Linear’, ‘2 Part Linear’, or ’‘Ncn
Linear’.

‘Simple Linear’ results in a transfer function as shown in Fig 11
(B). Movirg the rolling ball from side to side causes the top of tae
transfer function to move from side to side. A small diagram at the
bottom right of the television screen shows the result of this
operation, the number displayed being the x co-ordinate of the top of
the transfer function. This would be 180 in the casse of Fig 11 (B). If
the ‘CHNG’ button is pressed, the rolling ball controls the lower end of
the transfer function, and the diagram at the bottam of the screen shows
the movement of this lower end of the graph, and the x co-ordinate of
this end. This would indicate 30 in the case of Fig 11 (B). A further
pressing of the ’'CHNG’ button causes the rolling ball to control tke top
of the transfer function again, and so on.




‘2 Part Linear’ starts off like ‘Simple Linear’. Initially the
rolling ball controls the top end of the transfer function, then, after
pressing the ‘CENG’ button, the bottam end, but after the next press of
‘CENG’, it controls the mid-point of the ocutput. This is shown in Fig
11 (C) where the user can control the point with co—ordinates ¢f 80 on
the input and 127 on the output. Moving the ball fram side to side,
causes the x co—ordinate to move whilst leaving the y co-ordinate fixed
at 127. Subsequent pressings of the ‘CHNG’ button cause the control of
the rolling ball to cycle round the three funoticmos.

‘Non Linear’ stretching is normally applied after cne of the other
two manual stretches. A new unity transfer function 4is shown 1in the
small diagram on the telesvision screen, and this funotion should be
considered as being applied in addition to the previous contrast
stretch. Initially the user can control the gradient of the line
through the mid-point of the funotion. Pressing the ‘CHENG’ button
allows the user to move this mid-point in both the x and y directions
using the rolling hall and GEMSTONE continucusly produces smooth
transfer functions to fit these constraints. At the side of the diagram
are three numbers. The upper two give the oco—ordinates of the point at
which the slope is being controlled (initially the mid-point 128,128),
and the lower number indicates of the slope at that point. O represents
a slope of 435 degrees, 127 represents the steepest slope (about 90
degrees ie parallel to the y-axis), and -127 represents the shallowest
slope (about O degree ie parallel to the x-axis).

Before using this funotion, it is worthwhile storing any stretch
that has been applied, using ’SAVE STRETCH’ (p31), since on completiocn
of this command the LUTs are modified. Thus, if a further non-linear
stretch were produced, it would be applied to the new LUT. Restoring
the previous stretch would therefore result in the same starting point,
before a new non-linear stretch was applied.

NEGATE STRETCH

7
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SUMMARY
This command produces the negative of the current stretched image.
COMMAND IN DETAIL

It 15 best ¢to consider this command as producing a separate transfer
functiocn in addition to the main stretch rather like the manual ’‘Non
Lipear’. This funotion will transfer data at level 255 to O, and data
at level O to 255, eto. To remove this negative, the ’‘Negative Stretch’
ocmmand should be repeated, since two negatives make a positive.
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SAVE STRETCH
SUMMARY

It is possible to save up to 8 contrast stretches using this commard, s0
that at scme later time, they can be re-applied to an image.

COMMAND IN DETATL

Up to 8 stretches can be stored, and the only command is to label the
stretch fram A to H. A line of up to 70 text characters can be inserted
at the terminal, and this is stored as a descriptor of the stretch. Ths
contents of the 3 LUTS are transferred to the host ccmputer, for later
recall to GEMS or to a background program which allows the stored
contrast stretch to be applied to a complete imags.

RESTCRE STRETCH
SUMMARY

This command allows the user to re-lcad a previously stored contrast stretch
into the 1UTs.

COMMAND IN DETATL

The only secondary command is to specify the contrast stretch to be
restored. If ‘NINE’ 1is specified, then the LUTs are set to the unity
transfer function, so that no contrast stretch is applied to the image.
It will be found that the command cycles round all the stored stretches.
So, for example, bhaving restored ‘NONE’, the next press of the ‘INFUT’
button will show the chapter page with the cursor over ‘RESTCRE
STRETCH’. A further press will move the cursor to stretch ‘A’, ard tke
next press will result in the image being displayed with stretch ‘A’.
Three more presses of the 'INFUT’ button will result in the imege being
displayed with contrast stretch ‘B’, and so on. Thus the user can very
quickly examine a number of pre-stored stretches to £ind the mcst
sultable ons.

If a line of description was supplied when the stretch was saved,
using ‘SAVE STRETCH’, this text will appear on the terminal screen.
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PIXEL VALUR

SUMMARY

The intensities in the three colours, and the co—ordinates of a pixel may be
displayed on the screen. The numbers presented are the intensities in the
stores, ie not modified by the INTs.,

COMMAND IN DETAIL

The rolling ball or the buttons round the ‘mode’ button (see Chapter 4),
can be used to move the cursor over the area of interest. Below the
cursor cross is a contimuously updated set of figures giving, o¢n the top
line, the co—ordinates of the centre of the cursor in x and y, relative
to the top left of the original image, on the next line the co—crdinates
relative to the top left of the screen, and on the Dhottcm line, the
intensities of the pixel at the centre of the cursor cross, in the three
colours. By locking at the right hand buttons on the control panel, the
user can determine which store 1s connected to which colour gun. These
buttons may be pressed while this process is running, so that it is
possible to display the pixel values in four stores very quickly. The
figures presented, are held in overlay plane 3. If the 'CHENG’ button is
pressed, then the pixel at the centre of the cursor cross is copied into
overlay plane 2. If the 'CING’ Dbutton 1is pressed again Dbefore the
cursor is moved, then the co-ordinates of the pixel relative to the top
left of the screen are also stored in overlay plane 2. A third pressing
of 'CENG’ stores the other co—ordirates, and the fourth pressing stores
the intensities. In this way a series of points can be labelled with
co—-ordinates with or without intensities, and overlayed on the image.

- To terminate the command, the ‘INFUT‘ button is pressed.

If the image has been gecmetrically transformed to a map base,
then the position of the cursor in map co-ordinates will appear on the
camputer terminal.
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TRANSECT GRAPH
SUMMARY

A transect across an image can be defined, and a plot displayed of intensity
along the transect in one or three bands.

COMMAND IN DETAIL

Having selected one or all three oolours, GEMSTONE draws a line on the

soreen, and positicns the oursor at cne end. The cursor may be moved

with the rolling ball or the buttons round the ‘mods’ button, to place

. the cursor over the start point for the transect. To assist with the

= operation, the co—ordinates of the cursor are updated om the computer

} terminal. After pressing the ‘CENG’ button, the final point of the

{ transect can be selected. Further pressings of the ‘CHNG’ button will

allow the user to reset the start point and the end point cyclically.

When the ‘INPUT’ button is pressed, the graph of intensity along the

= transect is displayed in one or three colours dspending on the choice

[ made earlier. The y (or vertical) axis is linear in intensity from O to

! 255. The x axis gives ths position along the transect and corresponds

to the distances along the maximum projection of the tramsect line onto

the x or y axis. Thus if the transect line is close to horizontal, the

scale corresponds to the projection of the transect onto the x axis. A

scale is also annotated on the transect line and there is a larger index

. at the end of the transect line corresponding to the origin of the

F? transect graph. Whilst this command 1is belng exercised, the current

’ length (trus length, not ‘taxi-cab’ distance) and angle of the line is
given on the VIU.

o

\
(' If the command is executed again, the user will find that the end
point is in the same position. Hence a serles of transects radiatirg
. from a point may be investigated. For a contiguous sequence of
E transects, the start point should be put over the previocus end point by
shrinking the line to ome pixsl, and a new end point specified.

HISTOGRAM
F;’ SMMARY
Using this command, histograms can be displayed on the television screen.

¢ These can be for the data before or after stretching. If the histogdrams are
for individual colours, the transfer function is also displayed.
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COMMAND IN DETAIL

It 18 first necessary to specify the area of the scene to be used for
producing the histograms, ie ‘Whole Extract’, ‘Part Extract’, or ‘last
One’ as described in ‘AUTO LINEAR' contrast stretching. If the user I
next chooses that ‘All’ three colours are to be examined, then GEMSTONE

will produce the corresponding three histograms of the data after
stretching, in overlay plane 3, and a further three histograms before
stretching in overlay plane 2. Plane 3 is displayed, but the user can l
switch in and ocut planes 2 and 3 with the buttons on the extreme left as
described in section 4. If, however, the choice was that only one

colour (ie ‘Red’, ‘Green’, or ‘Elue’) be examined, then GEMSTONE will »
put two histograms in overlay plane 3 and the transfer function in -
overlay plane 2. The two bhistograms correspond to before and after
stretching. Both histograms and the transfer function are displayed,
but the user may again switch the planes in and ocut. All histograms
bave the corresponding mean, median, and standard deviation, beside
them. Note that the vertical axis is scaled to meke the largest column
equal to ocne and that the scale 1s non-linear. This allows lower level
detall to be examined. Note also that a vertical line is not drawn for
the y-axis. If there appears to be such a line, it 1s actually the
column for pixels of intensity 0. 4ie there are a lot of totally black
pixels in the picture. More statistical data also appear on the VDU.

4

C"‘",

To speed up the process, the ‘Whole Extract’ is sub-sampled, by
selecting one pixel in four and one line in four. Such a sample is
still statistically reasonable with 16,384 items. VWhen ‘Part Extract’
is used, Iinteger sampling is again done so that there are less than 128
samples per line and less than 128 lines. It should be noted that for a
camputer generated, regularly patterned image, this procedure may not
produce exactly the correct histogram. In these abscure cases, ‘OVERLAY
4 HISTOGRAM’ should be used.

Sy

r~

OVERLAY 4 HISTOGRAM

o

SUMMARY

Lo

The principle 1s the same as ‘HISTOGRAM’ above, but the area for the
statistics is defined by the contents of overlay plans four.

CCMMAND IN DETATL

By use 0of the graphics routines in ‘Text and Graphics’ or 1in
‘Classifiers, Copy Bit Plane’, or in ‘Density Slice, Measure Areas’, a

mask 1s put into overlay plane four, such that only where the plane 1is |
at level one are the pixels in the image plane(s) included in the
statistics. The operation of the commard is the same as ‘HISTOGRAM',

but there 1s no sampling done by the system.
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5.5 Density Slice, Measure Areas

Density Slicing is another photographic operation that is used for a much
wider range of possibilities and problems. The original idea was that every
pixel in a black and white image could be colour coded. For example, all the
pixels from black to dark grey could be made yellow, all those from dark grey to
mid-grey could be mads green, eto. Since, as was menticned in the pre-amble to
contrast stretching (section 5.4), the number of intensity levels in a digital
image 15 very large compared to the capabilities of the eye and £ilm, this
facility is necessary to enahle the user to examine the subtle differences in
tone in an image. The ease and the precision with which the density slice can
be applied in a digital image is in marked contrast to the difficulty and

imprecision of the photographic system.

It may be found in an image that every pixel between one level and ancther
is associated with a particular type of ground cover. For example, in many
images water appears very dark, and a simple density slice may isolate all the
water areas. This is an example of a simple ‘Classification’, and the water
would be a ‘Class’ of ground cover. In section 5.8 these ideas are developed
further using more than one band of an image. However, this simple idea should
be understood before the more camplex classifiers are examined.

Fig 14 illustrates the density slice operation applied to the same
Portsmouth scene as in Fig 12. The first slice in blue from level O to 13,
colours in the water area, le, this simple process can be seen as classifying
this area as water, very successfully. The second slice in dark red is from
level 14 to 21 and picks out mud/wet sand areas above the water line. However,
there are many other areas within the town of Portsmouth at the bottom left,
that are also picked out, and this is therefore a relatively dinaccurate
classification of mud/wet sand.

The process 1s implemented using IUTS in the same way as for contrast
stretching (section 5.4), and again, the contents of the stores are not
modified. To have a sliced image in the stores, the original requires <to be
copied to three stores, cne through the red LUT, cne through the green, and ore
through the hlue, using the ‘COPY STCRE TO STCRE’ command (p2l).
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MANUAL SLICE
SUMMARY

On a black and white lmage, it is possible to apply up to 16 density slices.
These slices can have gaps between them. For each slice, there ars 16 fized
and four user definahle colours to chocse fram.

COMMAND IN DETAIL

As 16 slices have to be identified, it 1is suggested that the first slice
is number 1. A colour is pext suggested for this first slice, but 4i%
can be changed to any of the other 19 if desired. EHaving chosen tke
lour, the image is displayed with a scale ranging from O to 255, at
bottom of the screen. If the rolling L. 11 is moved to the right, a
will appear progressing along the scale, and the darkest parts of
image will be sliced in the chosen colour. The slice operates up to
and including the intensity at the end of the lins.

BEED

¥here there is difficulty reading the scale, the zoam facilities
and the panning control (see section 4) can be used to enlarge the small
region of- the scale required. If a density wedge had been added to the
image before slicing (see ‘AID WELGE’, pR2l), then the slice would be
cbserved moving along the wedge. Not only can it be helpful in
following what 1s happening for this one slice, but later when there are
several, this wedge keeps a visual record of the relative arnd absolute
positions of the slices and thelr colours.

If the ‘CHNG’ button is pressed, the rolling ball now ccntrols tkhe
bottom limit of the slice, keeping the top limit <£fixzed. Subsequert
pressing of the ‘CANG’ button cause control of the rolling ball to cycle
round these two operations.

Cn pressing ‘INPUT’, thse user is returned to the menu where it Is
suggested that a second density slice be applied and the samse sequerce
of commands i1s followed. This process can be repeated for up to 16
slices or can be stopped by moving to '‘End’. It is possible to chacge
the colours of the slices after they have been specified, and even after
‘End’, since the slices themselves ars nct reset on the next executiocn
of ‘MANUAL SLICE’, but control contlnues from the previcus settizgs.

SAVE SLICE
SUMMARY

This command can be used to save up to 8 density slices, for later
application to an imagae.

COMMAND IN DETAIL

The first command 15 to label the slice from A to H. A line of up tdo 70
text characters can be inserted at the terminal, and this is stored as a
descriptor for the slice. The contents of the 3 IUTs are then copled
into the host computer memory.




40

RESTCRE SLICE

SUMMARY

This command allows the user to re-load a previously stored density slice
into the IUTs.

COMMAND IN LETAIL

The only secondary command is to specify the name of the density slice
to be restored. If 'NONE’ is specified, then no slice is applied. As
described in ‘RESTORE STRETCH’ (p31l), the command cycles round all the
stored slices. Thus if cne has been restored, then three presses of the
'INPUT’ button will result in the next slice being applied. At the end
of all the slices, the next in the cycle is 'NONE’. If text was stored
at the same time as the slice, it will appear on the terminal screen.

This command also allows the user to apply four standard slices,
three being for the display of classified data. As a result of the
classification process (seotion 5.8), a store may contain ome class in
the first bit plane of the stors (see section 2 for details of the bit
planes), a secornd class in the second bit plane, eto. The secondary

cammands  ‘8-div’, and ‘8-bit’, permit the display of these -

alassifications in different ways.

Suppose there are three classes in bit planes 1,2 and 3, with the
other bit planes set to zero. Where there is an area which is only in
class 1, bit plane 1 will be set and planes 2 and 3 will be zero. EHence
the value of the pixzels within the area will be 10000000 in Ikipary or
128 in decimal. (It may be helpful to refer to the bit plane diagran,
Fig 2, p8). Similarly, for an area where only class 2 exists, the value
of a pizel will be 01000CCO or 64. VWhere a pixel is in both class 1 ard
class 2, its value will be 11000000 or 192. This argument can ke
extended, and the results Zfor three classes sliced using ‘8-div’, are
summarised in the first two columns of Table 2.

Pixel value Pixsl class Slice colour
224-255 lanrd 2 and 3 white
192-223 1l and 2 yellow
160-191 land 3 magenta
128-159 1 red

96-127 2 and 3 cyan

64-95 2 green
32-63 3 blue
0-31 none black

Table 2 Pizel value, class and colour for the ‘8-div’ slice

Thigs command therefore permits the display of three classes
together with all the overlap regions which are shcwn in different
colours. If there is any doubt about a colour, (eg the colour cyan) a
wedge added to the image (‘AID WEDGE’, p2l) will display them, in Order.
where there is difficulty in understanding this process, the user can
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sinply restore ‘8-div’, and identify the classes using the table.

If there are two classes there are only four possibilities for

display, ie no class, class 1, class 2, both classes. In the case of

three classes there are 8 possibilities as described, and these can e

displayed with 8 sglices., However the number of possibilities doubles

each time a olass is added and so for 8 classes there are 256

cambinations. Obwiously density slicing cannot show this information,

or more to the point, the human cannot absorb it. Suppose there are 8

olasses in the 8 bit planes arranged in order of importance with the

post important qlass being in bit plans 1. If an area is in olass 1,

then the value of the plxels will be 128 as before. VWhen other classes

{: also lie within the area, the value of the pixels will be in the range

128 to 285. If class 1 is the most important, a slice from 128 to 255

¢ will show all occurrences of class 1 irrespective of other classes.

! Similarly, a slice fram 64 to 127 will indicate all areas of class 2

) irrespective of classes 3 to 8 etc. The ‘8-bit’ slice will display 8
¢lasses in priority order as listed in Table 3.

Pixel value Pixel class Slice ocolour
128-255 1 red
- 64-127 2 green
1 32-63 3 blue
‘ 16-G1 4 yellow
) 8-15 5 cyan
; ; 4-7 8 magenta
2-3 7 purple
1 8 dark green
{) Table 3 Pixel value, class and colour for the ‘8-bit’ slice

The ‘16-div’ slice is a general purpose one. Whereas ‘8-div’ divided the
Q intensity range into 8 equal steps, ‘16-div’ divides it into the 16 equal sters
; listed in Table 4.

(} Pixnl value Slice colour Pixsl valuse Slice colour

¢ 240-255 vhite 112-127 green
224-239 grey 86-111 dark green
208-223 red 80-95 cyan
192-207 dark red 64-79 blus
176-191 brown 48-63 dark blue
160-175 orange 3247 magenta
144-159 gold 18-01 purple
128-143 yellow 0-15 black

Table 4 Pixel valus ard colour for the ‘16-div’ slice

The ‘16-level’ slice sets the first 16 intensity levels above O, to tke
colours given in Table 8 (pl07), and is used to re-display a maximum likelihood
classification.
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ELACK IMAGE

SUMMARY

This command can be used to make the background black when slicing an image.
There are no secondary commands.

NORMAL IMAGE
SUMMARY

This command simply restores the image after using ‘BLACK IMAGE’.

PIXEL COUNT
SUMMARY

This comand enables the area of each slioe to be written on ths VIU.

COMMAND IN DETAIL

The total area is printed on the computer termimal, followed, for each
slice and the unsliced area (UN), by the number of pixels, the
percentage of the total area, and, if the scene has been geometrically
transformed, the area in the units of the map (generally square metres).
For a scene that has not been transformed, the number of pixels is
printed again with a minus sign. If the area covered by one pizel on
the Earth 1is known, then the ground area of a slice can be found simply
by multiplying the number of pixels by the area of each pixel,
remembering to take into account the sampling used <to display the
picture. The following tahle gives the approximate sizes and areas of
pixsels from some of the more common spacecraft imades.

Spacecraft Sensor Size Area (hectare) Area (acre)
Landsat MSS 57*79 0.45 1.11
Landsat 3 RBV 19*23 0.044 0.108
Landsat ™ 30*30 0.020 0.22

Spot Colour 20*20 0.040 0.099

Spot B/W 10*10 0.010 0.028
Seasat and SAR 25*25 0.0625 0.15
resampled 50*50 0.25 0.62

images 100*100 1.00 2.47

Table S Sizes of pixels in some spacecraft imades

OVERLAY 4 PIXEL CCOUNT

SUMMARY

This is the same as ‘PIXEL COUNT’ above, except that the area for the count
is defined by the contents of overlay plans 4.
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C=E00SE COLCUR
SUMMARY

¥With this command, the colour of the four user colours may be changed.

CCMMAND IN DETAIL

Following selection of the user colour to be varled, the display reverts
to the sliced scene, with three numbers in the bottem right of tke
picture. Moving the rolling ball to the right increases the left haxd
mumber, i1e the red intensity of the slice colour and this can ke seen
changing on the screen. Moving the ball to the left reduces red. If
the 'CENG’ button is depressed, the green intensity can ke varied in
exactly the same manner, and & small bar moves from the left hard nuxber
to the middle, to indicate which camponent of the slice colour is beirng
varied. Further presses of the ‘CENG’ button allow the user to vary tke
colour ccmponents again, in order.

The following table of the fixed colours and the red, green ernd
blus internsities, gives the user an irdication of the numbers recuired
to produce a new colour.

Colour Red Green BElue Colour Red Green Elue
Black 0 (] 8] Grey 128 128 128
Red 2585 0 0 Brown a0 48 48
Green 0 258 0 Gold 285 192 0
Yellow 255 255 0 Orange 255 128 u}
Blue 0 0 285 Purple 128 0 128
Magenta 285 0 255 Dark Blue e} 0 64
Cyan 0 255 255 Dark Green e} 128 0
Woite 255 255 255 Dark Red 128 0 0
Default user colours:

User Col 1 128 192 (o] ILixae Green

User Col 2 192 64 o] Rust Red

Usar Col 3 64 128 128 Petrol Blue

Usar Col 4 192 64 128 Pinky Purple

Taeble 6 Primary campcnents of the slioe colours.

The description of the colours, particularly the user colcurs, iz
Tahle 6 are only approximate ard will differ frcm user to user axd ITcz
oonitor to monitor.




44

5.6 Maths Operatiors

There are a number of operatlons grouped in this section several of which
use ‘spatial filtering’ techniques. The basic idea behind filtering is that e
patch with elements called ‘weights’ can be convolved with an input image to
produce an output image.

If I is the intensity of pixzel (p,q) in the input image,

p.q
o is the intensity of pixel (p,g) in the output image,
P.q
and W is the value of the weight at (4,3) in a 2n+l by 2m+1 patch,
1,3
then,
2n+l, 2w+l
0 - E W * I — (1)
P.q 1.3 p-(o+)+i |, q-(m+1)+)
i=1 3=1

If the patch is 2n by 2m, then there 1s no central weight, and the convention
within GEMSTONE is that,

2n 2m
0 - Z Z W * I — (2)
p.q o 1.3 po+il , q-m+)

The consequence of this convention is that the image moves upwards by 0.5 of a
pixel and to the left by 0.5 of a pixel.
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It may be easier to visualise this convolution process with an example.

Suppose there 1s an image -

with a small piece 1ike this —— “Ta s E|
where A is the intensity of TF G E I_J _
the pixel at that point eto, TTE L M N O T
: CIP QR ST
Lo
and there is a patch of
three rows and three lines —— a tb |o
where a is the value of d e |f
the weight at that point eto g [b (1
) i i | } '
The patch is put on —_—— .
top of the image like this, — aA|bB|cC| D, E.
T [F[GEE| I 4
~ [EKIEL[] X o ~
Q¢ R T

L

.t

and the element withintensityGi.nth.ei.nputimgeisrepla.oedbythesumof
all the products inside the patch. 1e The output pizel has the value,

a*A + b*B + ¢*C + A*F + e*G + £*H + g*K + h*L + 1i*M.

The patch is then moved e

along cne place to the right — _IAa.BchD E
T P[dGIeH[fI| J_

— T K[JLTRMTIN] O —

P QRS T _

|
{
!

and the input pixel with value H is replaced by
a*B + b*C + o'.D + d*G + e*E + £*1 + g*L + h*M + 1i*N.

This process 1s repeated for every step along the line. The patch 1s then
moved down one lins and the whole process repeated for every step from left o
right again, and so on to the bottom of the image. By choosing the welghts
a,b,0.... correctly, various smoothing, edge enhancement, and destriping
filters can be produced. Within this chapter, the weights are fixed by
GEMSTONE, but the user can design his own filters using the commands in ‘Linear
Filters’. (see section 5.7)
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SMOOTH
SUMMARY

This command allows the user to smooth an image along a line, down columms,
Or over an area. By changing the size of the f£ilter, it 1s possible to

removahighfrequenod.esalone orbothhigha.ndm.dra.ngefrequemies
CCOMMAND IN DETATL

Ul

For this fﬂter, all the welights in the patch are equal. Thus in
equations (1) and (2) on page 44, Whasthasa.meva.luefora.uia.ndj
and W equals one divided by the total anumber of weights in the patch
The sum of the weights is therefore ome, and the overall intensity of
the imede is left unchanded by the operation. In the example on page
45,

a=b=0c=4..... -1 = 1/9.

The user is first asked which store(s) oontains the image to be
smocthed, then where the result should be placed, and the ares of the
image over which the filter is to be applied. The next question is the
size of the filter, which defines the type of smoothing to be dome.
Thus a filter size of 3,1 (ie 3 weights along the line and only one
line), would remove only high frequency edges running from the top of
the image to the bottom. Changing the 3 to a higher number would remove
lower frequencies as well. The maximum size in thisg direction is 512,
and such a f{filter would remove all the information in the image along
the lines leaving only the changes from lins to line. A filter of size
1,3 (e 3 weights in ome column) would remove high frequency edges

from left to right. Again, increasing the 3 would result in
lower frequencies being removed, but in this case the maximum number is
16, to give reasonable speed. For filters other than a columm or a
ling, frequencies will Dbe removed in both directions according to the
size of the filter. EHaving specified the size of the filter, the scene
is processed. It should be noted that if a filter is specifled with an
even number of weights along one or both sides of the patch, then the
output image will be shifted upwards by 0.5 of a plxzel if there 1s an
even number of weights in the vertical direction, and to the left by 0.5
of a pixel if there is an even gpumber of weights in <the horizontal
direction.




The following simple example illustrates the operation of a smocthing
filter. An idealised image of two fields and one noise pizel, is shown
at the top of Fig 17. The intensity along one scan line AA is shown
below, and the horizontal scale is marked at the boundaries between the

. If the smoothing filter (1/3, 1/3, 1/3), is convolved with the
image, the reader can check that the last graph is the resultant
intensity along this one ling.

Grass field Vheat field

Sub~image of a large
image, showing parts
of two fields. —
A— —A
_J\
i 4 ,T
: ', Noise pixzsl
Intensity » ;o
'y : !
Intensity along 48 1 ‘ )
line AA !
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40 .'
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Smoothing filter | al a| a] -

where a = 1/3

Intensity ;
4
Intansity along 4“4 + : —
ling AA after 43 ¢ , . I
smoothing 42 +
41 + |
a0 —1

Fig 17 Example of smoothing

The main features to be noted are that the average intensities of
the two fields away from the edge and the noise pixel remain unaltered,
that the edge has been smoothed, and that the noise pixel has been very
much reduced and spread out. Fig 18 shows, on the left hand side,
examples of a 3*3 and a 7*7 filter applied to the Portsmouth scers.
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EDGE ENHANCE
SUMMARY

This command can be used to enbance edges which run vertically in the image,
or horizontally, or cmmidirecticnally, by either increasing the amplitude of
the high frequencies, or decreasing the amplitude of the low frequencies.
As with smoothing, the size of the filter controls the frequenoies to be
modified.

COMMAND IN DETAIL

As with the ’SMOOTH’ ocmmand (p47), the user specifies the store
containing the input image, the result store and the area to be
processed. The user 1s next asked to ‘increase high’ or ‘remove low’.
In the former case, a patch is produced in which all the weights except
the central ome are equal to -1/(T), where T = total number of weights
in the patch. The central weight is set to (T-1)/T, so that the sum of
the weights is zero. Thus in the example on page 45,

Am=b=Qge=d=fageh=i = -1/9 and @ = +8/9.

Therefore if the patch 18 convolved with a uniform area (i@ an area with
Do edges, or A =B = C .... in the example) ths result is zero. If any
of the pixels in the image are different from the neighbouring pixels,
then this filter produces a non-zero cutput. It is therefore an edge
detection filter. GEMSTONE adds the output from this filter to the
original image to produce the edge enmhanced result.

In the case of ‘remove low’, a smoothing f£ilter with equal
elements is first applied, as in the ‘SMOOTH' command (p47). This
smoothing filter leaves low frequencies unaltered, and reduces the bhigh
frequencies. If this resultant image is subtracted from the original,
the low fequencles of the original will be exactly cancelled by the 1low
frequencies of the smoothed image, but the high frequencies will not be
removed. The net resultant image 18 2ero plus and minus the high
frequency information. Since GEMS cannot display a negative image, 128
is added to this final result.

Having chosen the type of enhancement, the size of the patch is
specified as for the ’SMOOTH’ command. If the patch has an even pumber
of weights on one or both sides, then the enhanced edges are moved
again, but this time by 0.5 pixel downwards or to the right or both.
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The following example shows the effect of an edge enhancement
filter, using ‘increase high’, applied to the image of Fig 17 (p48).
Below the original line, is the result of convolving the edge detection
filter with the line, and, as shown, there is only a non-zerc output
where there are edges. Adding to the original image, at the bottom,
shows the emhancement of edges.
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Fig 19 Example of edge enhancement using ‘increase high’
g

In this resultant image, the average intensities of the filelds
away from the edge remain unaltered, there is a larger contrast change
over the edge, but unfortunataly, thse noise pixel has been enhanced.
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Fig 20 shows the effect of passing the edge enhancement f{ilter
over the image in Fig 17 (p48), using ‘remove low’. Below the original
line are the smoothing filter and the result of convolvirng this with the
line. Subtracting this from the original and adding 128 to avoid
negative numbers, results in the Intensities shown at the bottam.
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Fig 20 Example of edge enhancement using ‘remove low’

In this resultant image, all the low frequency information has been
removed with only the edges remaining. Thus a skeletcn has been left.

In Fig 18, on the right hand side, a 3*3 and a 7*7 edge
enhancement have been applied to the Portsmouth soerne. The last lmage
at the bottom right, shows the effect of edge enhancement using ‘remove
low’.




LESTRIPE
SUMMARY

Many images, particularly from the MSS in the landsat series of satellites,
have a horizontal striping structure. This command permits the partial or
camplete removal of this structure.

COMMAND IN DETAIL

The process uses the sams filltering techniques already describei in
‘SMOOTH’ and ‘EDGE ENEANCEMENT’ (ppd7 - 53), and can be considered in
three steps, although as far as the wuser 1s concerned, the command
itself is only one operation. The first step is to smooth the image
using a long single line filter, eg about 50 weights along ome line.
This results in an image in which most of the detail has been removed
along the line but no change has occurred in the vertical direction and
thus, if there are stripes in the image they will be more visible. Step
two applies an edge enhancement using ‘remove low’ (see pp51 - 53).
Since the low frequency information has now been removed, the image will
only contain stripes. Step three subtracts this image of stripes from
the original, and therefore produces a ‘destriped’ imags.

Fig 21 1llustrates the effect of this command on & landsat MSS
band S image of the Venice area, shown in (A). A severe contrast
stretch has been used to emphasize the striping in the sea, and thus
parts of the land and the lower plume at Y, are saturated. The result
of applying the command using a 49*6 filter, is shown in (B) where it
can be seen that the stripes have been removed from the sea, and that
there is no visihle change to the land data. Figs 21 (C) and (D)
illustrate two of the steps in the process described above. In (C), a
smoothing filter with 49 weights along the line has been applied to the
original scene in (A). It will be noticed that most of the detail along
the line bhas Dbeen removed, s¢ that the stripes are more prominent, but
large features (eg the sea) are still visible. Fig 21 (D) shows the
subsequent appllication of edge enhancement with a 1*6 weight filter
using ‘remove low’. The grey level differences between large features
have been removed leaving essentially the stripes alone. The last step
in the process described above was to subtract the image in (D) from the
origiral in (A) giving ths result in (B).

By considering the two plumes at X acd ¥ in Fig 21 (A), and tke
natural horizontal feature at 2, the detailed effects of this process
can be examined. The plume at Y has almost no striping in (A) and none
in (B), but plume X bhas ‘acquired’ some stripes in (B). Plume Y is
large compared to the horizontal smoothing filter (49*1 weights) and
therefore the smoothing operation does not cause stripes to spread into
the plume area. However, plume X is esmall and is straddled by tke
smoothing filter, so0 that when the centre of the filter is within the
plume, part of the filter is outsids. This causes some of the
information in the striped sea area to be included in the smoothing
cperation and hence stripes appear in the output image.
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Reducing the size of the =emoothing filter will improve tke
situation, but if it is mede too small, then some of the real image
information will be suppressed. For example, the natural horizontal
feature at 2, has been slightly reduced in (B) even with 49 elements in
the smoothing filter. A much shorter filter would remove the feature at
Z altogether.

Similarly, the size of the filter in the vertical direction is a
coampromise, but this time, it should be as short as possible to minimise
the modification of the real image information. It is suggested that
the size be such as to encampass cne oycle of the striping structurs.
Thus for a full resoluticn landsat MSS image, with its 6 line structure,
the {ilter should also be 6 lines in extent. Note that if the landsat
image has been sampled then the filter should be reduced in proportion.
If a sampling of one line on the screen for two in the image has been
used, then the filter should be 3 lines in extent (ie 8/2).

If it is intended that a scene be stretched at any stage, it is
strongly recommended that the destriping be done after the stretching,

thereby minimising the quantisation noise.

If the user is not sure how the image has been modified by the
destriping operaticn, then simply subtracting the result from the
original, using the commands in ‘Arithmetic’ (see section 5.10), will
show the differences as in Fig 21 (D).

To operate the command, the user enters the store(s) to be
destriped, the store(s) for the result, whether all or part of the imagde
is to be processed and the size of the filter in the x and y directioms.
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MEDIAN SMOOTH
SUMMARY

With this command, the user can smooth an image by replacing a pizel the
median of that pixel and its eight immediate neighbours. Y

COMMAND IN DETAIL.

This filter is different from the previous cnes in that, although a 3*3
window is passed over the image, there are no weights as such. The nine
pixels within the window are ranked in order of incressing intensity.
The lowest four and the highest four, are discarded, leaving the middle
or median intemsity. If the filter is applied to the idealised image of
Fig 17, the result is as shown in Pig 22.

Intensity
4
Intensity along 48 t '
line AA l
|
43 + |
b
40 L
T * T
| .
. |
Intensity 1 oo
} ‘ L
Intengity along 48 1 ! v
line AA after :
median smoothing .
43 +
40

Fig 22 Example of median smoothing

The ‘noise’ pixel has been totally removed, and the edge has been
preserved exacotly. This might be considsred the ‘perfect’ filter.
Howsver, had the ’‘noise’ pixal been a point reflector in the field, this
filtering operation would have destroyed information. The use of this
non-linear process should be carefully monitored, by examining the image
produced when the resultant image is subtracted from the original.

Due to the high computational load on ths system, this process has
been restricted to a 3*3 window, and it has been optimised to give a
reasonable performance for this ons case. This filter can be applied
segveral times to remove emall groups of noise pixels.




T W T T T T T gy

FIG 23 MEDIAN SMOOTH EXAMPLE
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Fig 23 illustrates the use of a median filter. The original image
in (A) is a landsat 4 Thematioc Mapper scene of the Mississippi River,
but in the top right quadrant ‘noise’ in the form of mumercus white
pixels, bas been added. Applying the median filter removes nearly all
of these noise pixels as illustrated in (B). A further two applications
of the filter results in the removal of all this poiss as shown in (C).
Using a 5*5 smoothing filter produces an image in (D), which loocks
Iroedly similar to (C), but the noise has not beer removed completely,
and more of the real image information has been destroyed. In fact,
since the nolse has been smoothed as well, the whole of the top right
quadrant is brighter. Sliocing (section 5.8) or classifying (section
5.8) the image in (D) would give incorrect results in the top right

ant due to the increased brightness in the smoothed image. The
median filter produces neither of these defects in this case. Synthetio
aperture radar images have ‘speckle’ which has a similar appearance to
this noise, and it may be that a median filter would also produce better
results than a smoothing filter.

If the image 4in (A) were olassified (section 5.8), then an
indivival field would generally not oome ocut as one hoamogeneous class.
Careful examination of the image reveals that there is a large variation
in the tone within one field, dus to either missing crops or tracks
through the fileld, eto. For a gemeral land use classification, this
level of detall would be exvessive. The images in (B), (C) and (D) show
a reduction in this detadl, but the following points should be noted :

1. Median filtering preserves sharp edges. Smoothing does not.

2. Small inconsistent areas within an otherwise homogeneous region, are
replaced by a median filter. Smoothing will subdue such areas, but
will not completely eliminate them.

3. Median filtering will only produce those pixel values in the output
image, which existed in the original. Smoothing can introduce a
whole range of new values. This is most easily seen where there is
a large intensity change over a boundary, such as at the banks of
the river in Fig 23. Dark land pixels and bright water pixzels
contribute to a whole range of grey pixels at the boundary, when
image (A) is smoothed as in (D). Thus classifiers would produce
incorrect results.

4. Median filtering can be applied to a classified scene to remove fine
detall. Swmoothing of a classified imege would produce many erITors
for the reasons in 3 above.
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LINE FIX
SUMMARY

An image can sametimes have a defect where one or more, full or part lires,
are missing and have been replaced with spurious data. This command permits
the replacement of such lines with the mean of the line above and the line
below. :

COMMAND IN DETAIL

Every pixel in the image 1s compared with the mean of the pixel
imnediately above and below. If the difference between the

intensity and the mean is greater than a user supplied ‘rejection
oumber’, the pixel is replaced with the mean. This process is shown
applied to the grey wedge in Fig 24 (A). Two defective lines have been
added, the upper onsg with an intensity of zero, and the lower with an
intensity of 150. An intensity scale has been added at the bottom of
the wedge. With a ‘rejection number’ of 40, ‘LINE FIX’ replaces most of
the defective lines as shown in (B). Only in those places where the
difference between the defective line and the mean is less than 40, is
there no substitution. A smaller number than 40, would remove more of
the defective pixzels, but would also remove some of the real image data.

Part of the Portsmouth scene shown in Fig 12 has been reproduced
in Fig 24 (C), with a simulated defective lins at level zero. Using
‘LINE FIX’ with a ‘rejection number’ of 40 makes the line almost
invisible in Fig 24 (D). Subtracting (D) from (C) illustrates in Fig 24
(E) that the process has removed most of the line with minimal
modification of the real image. As in ‘DESTRIPE’ this command is a
compromise, but when used carefully, it can remove the very distracting
defective lines with little damage to the images.

Having executed the primary command, the user is asked for <the
store(s) to be fixed, the store(s) for the result, the area to be fixed,
and the ‘rejection mumber’ as described above.
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SCATTER DIAGRAM
SUMMARY

Up to 4 two—dimensional scatter dlagrams can be displayed where the number
of occurrences at a point is indicated by the intensity of the displayed
pixel. If this facility is used in conjunotion with ‘Density Slice’
(section 5.5), two-dimensional histograms can bs displayed in colour.

COMMAND IN DETAIL

It is sometimes instructive to examine how one spectral band varies
relative to another. This is done for each pixel by plotting the
intensity in one band against the intensity in another. If the two
bands are highly correlated, then where a pixel is bright in one band,
it will be bright in the other, eto, and so the plot will be
approximately a strailght line through the origin at 45 degrees to tke
axes. Where the data are less correlated, the plot is spread out or
‘scattered’. The more scattering the lower the correlation, and the
more information can be extracted fram the palr of bands when processed
together. It may be found that points are not simply scattered, but are
in fact collected in groups or ‘clusters’. These oclusters often
correspond to & particular type of feature within the image. e.g.
water, forestry, sandy beaches, eto. If one particular cluster is found
to correspond to forestry for example, then it should be possible to put
a box (or more complicated envelope) round the cluster in the scatter
diagram, and to highlight in the image all the pixels that lie within
that box. This 4is the basis of all ‘classifiers’ including box
(parallelepiped), cluster, maximum likelihood, eto.

The first secondary command specifies the stores to be displayed
along the x and y axes of the scatter diagram, together with the stcre
to be usea tc hold the diagram itself. Sinoe a scatter diagram has axes
from O to 255, it is possible to put 4 such diagrams on a screen which
is 512 elements squarse. Therefore, the quadrant in which the diagram is
to be displayed, is required. Finally, the image area to be used is
given, and the diagram is then written into the specified store with the
scale held in overlay plans 3. If the exact co-ordinates of & point in
the diagram are required, then ‘PIXEL VALUE’ within ‘Contrast Stretch,
Histograms, Intensities’ (see p32) can be used to find these,
remembering that the bottom left of the diagram has co-ordinates 0,0 and
the top right 255,255. The intensity of a point in the diagram is a
measure 0f the number of pixels at that point with the largest number
scaled to 255. Since the maximum number of pixels at a point may be
much larger than the smallest number (other than 2zero), a non-linear
scale is desirable. In faoct a square root scale is used. If the
maximum number of pixels at a point is N, this point would be at 1level
255, and so 1f another point had N/2 pixels, it would have a level of
255/(square root of 2). i.e. 180. Considering this the other way
round, 1f a point 1is at 1level 64, then the number of pixels at this
point is (64/255) squared times the number at the maximum. i.e. 1/16
of the maximum.
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PRINCTIPAL OOMPCONENTS
SUMMARY
This command applies the standard prinoipal ocomponents analysis prooess to
between 2 and 16 stores. This prooess is also known as the Karhunen-lLoeve
(R-L), Hotelling, or eigenvector transformation.
COMMAND IN DETAIL
x
If I is the intensity of pixel i in row J in bamd k,
1.3

E(I ) is the expected value (or mean) of the intensity in this band,
k

N is the total number of pixels, and n is the total number of bands,

then,
Z ' k ; by
I I .Iq
1..1 1'-1 i'J
i.3 i,
BI) = ——/—47—m8m— = M , B(T.I) =
k N k P q X
k 2
a )
1,]
2 2 2 1,3 2
and o = E(IT)-NM - -M .
k k k N x

The ogvariance matrix C of this image is,

2
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] 2
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and the corresponding correlation matrix S is,

R,

s=1s [ -
{uf .,

Generally, there i1s some correlation between the bands of a
multispectral image, in which case the matrix S is not dlagonal.
Principal components analysis requires a transformation of the original
data so that the matrix S is disgonal. This transformation matrix U is
camposed of rows of the elgenvectors of the covariance matrix. First,
the eigenvalues are found by solving the characteristio equation

det(C-aI) = O.
The eigenvalues are the roots of this equation, el , A , )\ .

l1 2 =
For each eigenvalus () ), there is an eigemvector (u ) defined by,
i i

Cu =QAu i=1,2,....n.
i 1141

The transformation matrix is ccmposed of these elgenvectors arranged in
rows and so 1f A, B, C, etc are the new spectral bands then,

A A AR

B 2 2
I I u I
1) 13 2 13
- U - ]
N n ' n
I I ‘ \ u I
1) 1) n i)

The correlation matrix of this resulting image is diagonal and hence the
bands are uncorrelated.




The following example illustrates this mathematiocal operatiom.

PCl
A )
BAND . BAND
] Q 8 Q
n..‘ & "
. [ ]
. PC2 ST
. .
P P
BAND 4 BAND 4
a) (B)

Fig 25 Typical soatter diagrams

Consider the scatter diagram in Fig 25(A). The intensity of a
pixel P, in landsat MSS band 4, has been plotted against the intensity
of the same pixsl in band §. This has been repeated for pixsl Q, and
all other pixels within the image and it can be seen that thess bands
are highly oorrelated. Thus a pixel which 18 dark in band 4 is also
datk in band 5 (as at P) and simjlarly a bright pixel in band 4 is also
bright in band 5 (as at Q). Henoe all the plotted points lie on or near
the diagonal line at 45 degrees t> the axes of the plot. As far ag the
Interpreter i1s concerned, the faot that the data are highly oorrelated,
means that , bhaving studied band 4, he gets little further information
from looking at band 8. Fig 28 which is a landsat MSS picoture of
Botswana (185/77) taken on 17-Jan-73, shows this point very well, there
being very little variation between the four specotral bands.

Principal ocomponents analysis i1s designed to remove this
correlation by creating a mnew set of bands, each of which is mads by
adding different proportions of the input bands (ie linear oombinations
of them). This is 1llustrated in Fig 25(B). A new pair of axes (PCl,
PC2) have been defined, created by rotating the original axes until PCl
lies along the direction of maximum variance of the data as shown. The
method by which the image PCl is produoced is approximately as follows.
The Intensity of pixel S in PCl 1s the sum of part of the intensity in
band 4 and part of the intensity in band 5. If the PCl axis has bDbeen
rotated through 45 degrees, then the oontributions of the two bands are
equal. If the angle is less than 48 degrees, then band 4 will
oontribute more. Similarly, PC2 is formed by subtracting the intensity
of S in band 4 from band 5. Note that it is very difficult to see the
differenoe between points S and T in bands 4,5 and PCl, sinoce the
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separation of S and T is very small oompared to the total intensity
range of the data. This subtle difference in intensity oould therefore
be invisible to the eye. However, in PC2 the separation of Sand T is
about bhalf of the total range of the data in this band and would
therefore be easily visible. This illustrates that principal components
analysis can often show subtle variations in speotral response which
would not normally be visible.

In this illustration, PCl is the average of the two input bands,
and PC2 is the difference between them. This prooess can be applied to
more than two bands, using the following rules:

PCl is along the direction of maximum variance.

PC2 is at right angles to PCl, and 1is along the next direction of
maximm variance.

PC3 4is at right angles to Dboth PCl and PC2, and is along the next
direction of maximum variance.

PC4 eto.

Strictly, the rotation is not about the origin, but is about the ocentre
of gravity of the distribution, or the point with the co-ordinates which
are the mean intensities in each band. Having performed this rotation,
& number is added to each pixel value to put the mean at 128 in each of
the transformed axes. Finally a simple linear contrast stretch is
applied to each principal component to produce a distribution with a
standard deviation of about 25. However, if the standard deviation of a
principal component before contrast stretching is less than 2.5, the
standard deviation of the ocutput band is set to ten times the input,
thereby keeping the noise in the output band to a reasonable level.

Fig 27 shows the result of principal components analysis applied
to the four bands of Fig 28. The following is a copy of the information
wvhich is printed on the VDU.

£fMEAN OF INPUT BANDS
££f 57.0 70.9 71.2 32.4
££
££SD OF INPUT BANDS
££ 6.8 11.0 10.1 4.7
££
££SD OF PRINCIPAL COMPONENTS BEFCRE STRETCHING
££ 18.4 3.6 2.2 1.2
££
££EIGENVALUES SCALED TO SUM TO 1
££ 0.93258 0.04503 0.01713 0.00527
££
££PRINCIPAL COMPONENTS AS CCMBINATIONS QF CRIG. BANDS
1 0.3542 0.66828 0.6072 0.2588
2 0.8235 0.0430 -0.3325 -0.4578
££ 3 0.3104 -0.7361 0.5991 0.0542
4 0.3162 -0.1317 -0.4024 0.8490
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The 'MEAN OF INFUT BANDS’, gives the mean intensity valuss in the order
of the stores. In this case they are for bands 4,5,6 and 7.  Similarly
the ‘SD’ numbers are the standard deviations for those stores, followed
by the standard deviations for the resulting principal components. The
next four numbers are the eilgenvaluses of the oovarianoe matrix, scaled
to sum to one, and in this example, they show that 83.258% of the
information is contained in the first principal component, 4.503% of the
informaticon is oontained in the seoond, eto. Below  PRINCIPAL
COMPONENTS ...’ is the transformation matrix. The first eigenvector is
(0.3542, 0.6626, 0.6072, 0.2586) ocorresponding to the first eigenvaluse,
0.983258, and similarly for the others. The numbers in this table imply
that a pixel in the first principal ocmponent is calcoulated using the
following rule:

0.3542 times the intensity of that pixel in Landsat MSS band 4, plus
0.6626 times the intensity of that pixel in landsat MSS band 5, plus
0.6072 times the intensity of that pixel in Landsat MSS band 6, plus
0.2586 times the intensity of that pixel in Landsat MSS band 7.

Thus, the first principal component is approximately the sum of the four
bands, the second is the difference between the visible and the infrared
bands, and the third and fourth are more o0f a mixture.

To execute tiils command, the user specifies the stores to be used
for the operation; the stores for the results; the area to be used to
produce the covarianoe matrix and henoe the transformation; and the
area in which the transformation is to be performed. Note that if no
result stores are specified, the eigenvalues and eigenvectors will still
be calculated, but the transformation will not be done. If fewer result
stores than input stores are specified, then only the first bands up to
the number of result stores, will be produoced.

OVERLAY 4 SCATTER DIAGRAM

SUMMARY

The principle is the same as ’'SCATTER DIAGRAM’ (p65), but the area to be
used is defined by the contents of overlay plane 4.

COMMAND IN LETAIL

By use of the graphics routines in ‘Text and Graphics’ or in
‘Classifiers, Copy Bit Plane’, or in ’Density Slice, Measure Areas’, a
mask is put into overlay plane 4, such that only where the plane is at
level one are the pixels in the image planss included in the scatter
diagram.

OVERLAY 4 PRINCIPAL COMPONENTS
SUMMARY
The principle is the same as ‘PRINCIPAL COMPCNENTS’ above, but the area for

the statistics i1s defined by the contents of overlay plane 4. The detail is
the same as for ‘SCATTER DIAGRAM’ above.
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MAGNITFY

SUMMARY

This command allows the user to megnify or reduce the size of an image by
integer or non integer factors, independently in both directions. It also
rermits the reflection of an image about elther or both axes. Resampling is
performed using nearest neighbour or bilinear interpolationm.

COMMAND IN DETAIL

Magnification of a digital 1mage cannot be considered like a
photographic enlargement. A pixel displayed cn the TV covers a small
square on the screen. Since the size of this small square is fixed, the
only way to magnify the image is to increase the number of small squares
per original pixel. For example, if there is an image of 258 pixels by
256 lines, it will cover only one quarter of the TV display. Magnifying
digitally by two in both directions, will result in an image of 512
pixels by 512 lines which will cover the whole screen. Digital
magnification therefore increases the mmber of pixels, and the
resampling method defines the values given to these pixels, as described
below.

Consider the start of the first line of
an image, where A, B, and C are the A B C
intensities of the first three

and also mark the centres of the pixels.

If the image is magnified by two in the

x direction only, then for each input pixel
there will be two cutput pixels, with a|bjiojdle|£f
intensities a,b,0.... which again mark
the centres.

To determine the pixel intensities at
a,b,0,..., the output pixel centres are
superimposed on the original. For nearest aAbj|oBd|eCt
neighbour interpolation, point a, since it
lies within pixel A, takes cn the value
of A. Similarly, b takes the value of A.
Point ¢ is within pixsel B and hence takes
the valus of B, and so on.

More gemerally, for a maguaificaticn by a 1.1 1

factor m, the ocentre ¢f the first pixel, 2m m

a, 15 at a distance 1.1 frcm the edge |[—] pa—
2 m

of the input pixel. and thse spacing is aA b B o cd

1 of the input pixel.

o

For nearest neighbour interpolation, the . .o

program simply determines which old pixel A b B

contains the mew point. For bilipear | =——]—

interpolaticn, the value of the ocuiput psl q

pixel is found asg follows.
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If p and q represent the distances from point b to A and B respectively,
then

Intensity at b = (Intensityat A) . g + (IntemsityatB) . p
Pq ™

It is therefore assumed that there is a linear change from pixel A
to pixel B and b takes a value in proportion to the distances from A and
B. It is not possible to apply this equation to point a, since thers is
no pixsl to the left of it. (A is the first pixel in the line.) Pixel
a, simply takes the value of A.

The following example, using the idealised image of Fig 17,
illustrates the two resampling techniques.

Intensity
!

Intensity along 48 1 | | i
centre section of n | |
the line AA in : ! |
Fig 17 (p48). 43 1 . : r
| | |
40 - | '

!
Intensity : ' :
A 1 ; \
Intensity along line 48 ¢+ ‘ |
using a magnification
of 1.33, and npearest ‘

Note that there ars

four output pizels | ;
for each three input 40 T :

pixals. ———
I '
| :
Intensity . :
b
Intensity along 48 + ,
ling using a 48 + , ; o
magnification . ‘
of 1.33, axd 43 + . E—
bilinear |
resampling. 41 + , ‘
a0 — T

Fig 28 Examples of resampling used in magnification
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Nearest neighbour resampling does not introduce smoothing or any
intensities that did not previously exist, but it does distort shapes
(eg the distance from the field boundary to the noise spike is now
less). On the other band, bilinear interpolation introduces new
intensities that did not previocusly™ exist, but it does not distort
shapes as much. (eg the field boundary is still essentially in the same
position). There is also a smoothing effect (of smoothing example in
Fig 17, p48), but edge enhancement will help to correct this.

The description so far has been for magnification along the 1lins.
For 2-D magnification, the resampling is performed first along the
lines, and then down the columns, for both resampling methods.

After the primary oommand, the user gives the stores to be
magnified and the result stores. The area to be magnified is next
specified as the whole soreen, a part of the screen (fixed using the
rolling ball and the ‘CHNG’ button as usual) or the last specified area.
The maximum area to be oovered by the magnified result is next given,
using the rolling ball to change the position and size of the rectangle
on the soreen. When ‘INPUT’ is pressed at the end of this operation,
the magnification of the input area which just fllls the output area, is
displayed om the terminal. Following the choice of interpolation
method, the user 1s asked for the msgnification required in the x
direction. Using the rolling ball the magnification faotor at the
bottom of the soreen ocan be varied. A number greater than one will
result in an enlargement; Dbetween 2ero and one will result in a
reduction; equal to zero will result in the use of the magnification
shown on *he terminal (this saves having to re-emnter this pumber); and
& number less than one will result in a reversal of the imsge as well as
the enlargement/reduction.

There is a small bar above the number on the soreen. If the
rolling ball is moved to the right, then the pumber is incremented
starting at the digit below the bar. Moving the ball to the left causes
the number to decrement. If ‘CENG’ is pressed, the small bar can be
moved to the left or right. This is useful if a number with many digits
is to be entered, sinoce the two least significant digits could be
entered, the bar then moved to the left and the next two digits entered,
eto. If 'CHNG’ is pressed agaln, the deoimal point 1s moved by the
rolling ball. These three operations of changing a number, moving the
bar and moving the decimal point, oyole round continuously, and so
decimal numbers with many digits can be entered quickly.

Exactly the same operation 1s performed for the y magnification,
and when ‘INPUT’ is pressed, the oommand is exscuted. If the magnified
image area is less than the whole soreen, then the rest of the image
area 1is unmodified. Similarly, if the whole screen has been specified,
t a magnification less than that required to f111 the screen is used,
part of the image area is again unmodified. Finally, if a magnificaticn
greater than that required to fill the area ig specified, then the
output image will start at the top left cormer but will be truncated to
the right and the bottam so that it fits the area allocated.
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5.7 linear Filters

The commands within this chapter permit the creation of a wide range of
filters with sizes up to 5 by 5 welghts, and the subsequent application to an
image. Apart from the restriction on size, there is much greater flexibility in
the definition of a filter in this chapter, than in ‘Maths operations’.
However, the user must be quite familiar with filtering operations before using
the filters in this chapter, sinoce there 1s a much greater possibility of

producing misleading results.

¥hen orea.ting'a new filter, it may be helpful to analyse its effect using
the following approximate metkod.

Consider a 1-D image where the intensity, I,
varies as a function of positiom, x.

A digital image i1s a sampled version of this, S

and can be considered as the product of the image

and a set of delta-functions separated

by the pixel spacing, which corresponds

to the Nyquist sampling frequency f. I [

Thus S = I . (....+8(x-1) +8(x) +5(x+1) + ...) x=-1 x=0 x‘-l x=2

X

Similarly, the filter can be considered as a set [o] al o]
of weighted delta-functions with the same

spacing as the digital image. For simplicity,
& three-welght symmetrio filter centred on x = O L l |
is used in this example. +— . {

X=—1 x=0 x=+1

The filtered version of the image is thus I = S * (filier)

On performing a Fourier Transform (FT), the oonvolution (*) is changed to a
multiplication, so that

FT {S * (filter)} = FT {S) . FT {filter}

Hence, 1n order to analyse the modifylng effect of the filter on the frequency
response, it is slmply necessary to examing the Fourier Transform of the filter.

In this simple example,

-2mif 0] +2mif
FT (0.85(-1)+ a.8(0)+ 0.8(+1)) = o.e + a.e + 0.8

=a + 2.0.cos(2uf).
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The easiest way to consider a filter with an even number of weights, is still to
ocentre it on x = 0. Thus a two-weight fllter has the form,

(b.£(-0.5)+ b.§(+0.5)), the FT of which is 2.b.cos(f).

This filter 1s not strictly permissible, since it is not possible in GEMS to
place filter welghts at non-integer pixel positions. However, this approach
avoids the need to consider imaginary sines, and the only difference is that
there 1s a displacement. (cf the filters in ‘Maths operations’ which shift the
image by 0.5 of a pixel for filters with even numbers of weights). The general
form of both frequency responses is the same.

In the following table, the complete set of 1-D symmetric filters up to
five elements is given, with the correspornding Fourier Transforms.

FILTER FT
Ca] a
(215 2.b.cos(mf)
lclalel a + 2.c.cos(2nf)
td I bTbJd] 2.b.cos(af) + 2.d.cos(3uf)
LelolalcTlel] a + 2.0.cos(2nf) + 2.e.cos(4nf)

Table 7 The set of 1-D symmetric filters

To produce a filter, all that is required is to choose the numbers
a,b,c,d,e. Usir? the method ocutlined above, the response of the filter can then
be examined. The following pages give some examples of filters, their transfer
functions, and the effects on the computer generated 1image shown in the top
strip, labelled ‘NO FILTER’, in Fig 29. This imege is in nine sections. The
leftmost section consists of a columm of pixels at level 0, followed by a columm
of pixels at level 255, eto. This corresponds to the highest possible frequency
that can be correctly recorded in the digital image. (It is essumed that <there
is no aliasing.) This frequency i1s in fact half the Nyquist sampling frequency
and is thus f/2, with a corresponding wavelength of two pixels. The nexs
section to the right is a sampled sine wave with a frequency of £/3 and thus a
wavelength of three pixzels. The sampled sine waves in the following sections
have frequencles down to £/10, or a wavelength of ten pixels. These patches of
pure single frequenciles, cover most of the range of interest in a typical scerne,
when it 1s examined for patterns, texture, and edges.

The examples of filters have two items called scale and offset, assoclated
with them. Each filter weight (which is restricted to integer values) is
divided by ’scale’ thereby permitting fractional weights. The offset number is
added to the result at the end of the convolution and is generally used to shift
the origin 128 levels to cater for negative welghts. All the frequency respcnse
curves have the same horizontal scale which is annotated only on the first

graph.
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Filter in Fig 29 Frequency responsse

A - Low pass 1
1 1
Scale = 2
0 — 3 e

Offset - T t t
0 0.125 0.25 0.33
8 4 3

B - Low pass
111

Scale = 3

Offset = O +

C - Low pass 14
1 2 T~

0 e 4 .
$ +—r

D - Low 14
L a6 a1 | .
0 + \\\S;:*‘ﬁ —+
G - High pass

1R
1
1 -1
Scale = 2
Offset = 128 - —+ bt +
H - High pass 1
-1 2 -1
Scale =~ 4
Offset = 128 + — + + —+
I -High boost 1+

Scale = 8
Offset = 64 + + + —+

followed by
filter D

J - High pass 1+
14 64 1

Scale = 16 L

Offset = 128 -

-1 410 4 -1
Scale = 18

K - High pass 1{
Offset = 128

Comments

At f= 0.33, half power, slope= -2.72
Affects only high frequencies.
Gentle slope.

0.5 Frequency
2 VWavelexngth

At f= 0.21, balf power, slope= —4.06
Affects mid and high frequencies.
Steep slope, but above f= 0.33, the
phase is inverted and gain is not

equal to zero.

At f= 0.25, half power, slope= -3.14
Affects mid and high frequencies.
Moderate slope.

Note this is A * A,

At f= 0.18, half power, slope= 4.04
Affects mid and high frequencies.
Steep slope.

Note this is C * C.

At f= 0.13, half power, slope= -5.47
Affects ‘lowish’ to high frequencies
Very steep slope. Thls is the same
as a single nine-weight filter.

At f= 0.17, half power, slope = 2.72
Affects low frequencies.
Gentle slope.

At f= 0.25, half power, slope = 3.14
Affects low and mid frequencies.
Moderate slope.

Note this is G * G.

This is half of the original lmage
added to half of the image convolved
with filter E. This is edge
enhancement .

At f= 0.32, half power, slcpe = 4.04
Affects low and mid frequencies.
Steep slope.

Note this is H * K

At f= 0.18, half power, slope = 4.04
Affects low frequencies only. It is
like filter J but the half power

point is changed.

Y
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Filter in Fig 30 Frequency response Ccuments
L - Bandpass 1 At £= 0.125 and 0.375, balf power.
-1 0 2 0-1 Affects high and low frequencies.
Scale = 4 Note this is C*H
Offset = 128 + — et +
M - Bandstop 1 At £= 0.128 and 0.375, half power.

1 02 01 Affects the mid frequencies only.
Scale = 4 This is the original image less
Offset = 128 + +— o + the one filtered with L.
N - Bandstop 1 At £= 0.081 and 0.409, balf power.
Filter M Aftects the mid frequencies only,
applied but over a wider bandwidth than
twioe + - St + filter M.
P - Bandstop 14 At £= 0.159 and 0.341, half power.
Original Affects the mid frequencies only,
less filter centred on f= 0.25, but over a
L * L “+— e + narrower bandwidth than filter M.
Q - Bandstop 1 At £= 0.0685 and 0.225, half power.
Original Affects the mid to low frequencies.
less 4 convs Similar to P but centre of fllter
of B anrd K i ¥ —t + ghifted to lower frequency. (0.141)

The last group of filters are concerned with filtering 2-D images. The test
image is made in the same way as the previous ocne, but the frequencies in the
patches Tun in both vertical and horizontal directions. Thus the first patch is
made by taking an image of hlack/white columns, and multiplying it by an image
of black/white rows, producing an image of dots. The horizontal and vertical
frequencies for this patch are both £/2. In the subsequent patches, the
horizontal frequencies are £/3, £/4, £/8, £/8, £/7, £/8, £/9, and £/10, and tke
vertical frequencies are £/2, £/4, £/4, £/8, £/8, £/8, £/8, and £/10.

Filter R (same as C) shows that the image is only modified in areas of high
horizontal frequencies, irrespective of the vertical frequencies, and the
cutput tends to zero at a horizontal frequency of 1/2. This illustrates that
a 1-D filter affects frequencies in both directions.

Filter S (same as H, ie high pass), suppresses all low frequencies. It is only
at high horizontal frequencies, that any vertical informatiocn is passed.

Filter T is filter H convolved with filter C rotated through 60 deg. It 1is a
horizontal high pass and a vertical low pass filter. It is similar to filter
S, except that the image is suppressed in areas of high horizontal frequency.

Filter U is the same as filter T but rotated through 90 degrees, thereby
passing high frequenoy vertical information but suppressing high frequency
horizontal and all low frequency information.

Filter V illustrates that 2-D filters can be applied sequentially, and here
filter U was convolved with the image four times, thereby losing all Dbut toe
extreme high frequency vertical information.
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V¥ith these examples, the user should be able to design meny smoothing (low
pass), differentiating (high pass), bandpass and bandstop filters. Filters A to
K are 1-D and they may be convolved with themselves and others to produce 2-D
filters (eg T,U and V). For example, filter T is made fram filter H comvolved
with filter C rotated through S0 deg as follows:

0 00 OO

0 0O 010 ’ -1 2-1 0

(1/4) .(—1 2 —1) = (1/4) . (0 2 0) - (1/18) .| 0-2 4-2 0
0 0O 010 0-1 2-1 0

0 00 O0CO

using the definition of convolution on page 44. The terms (1/4) and (1/18) are
the ‘scales’ defined on pages 78 ard 83.

A command in this chapter also permits the rotation of a 1-D or a 2-D
filter, to any desired orientaticn. Thus a filter may be defined in the easiest
orientation and later rotated to enhance Or smooth in the desired directicn.
Rather then convolving two simple filters to make a more complicated filter for
application to the image, it 18 equally possible to convolve each simple filter
with the image in turn. This is because convoluticn is commtative in that,
given two filters, Fl and F2 and an image IN,

Pl‘(F2'IM)-P2‘(F1‘ISI)-(F1‘F2)’IM.

Pilters can also be added together, to produce ancther family of filters,
since convolution is distributive, ie

(F1 * IM) + (F2 * IM) = (F1 + FR) * IM.

Fllter T has the same effect as adding half of the original to half of the image
convolved with the filter H cn page 78.

le (B * IM)/2 + IM/2

- (E* M)/2 + (1 * IM)/2 where ‘l’ represents a filter having
ope in the middle and all othsr
elements zero. This is called the
‘identity’ filter.

+1)/2 * IM

1,2,-1}/4 + (0,1,0})/2 * IM where ‘4’ is the ’‘scals’.

1,8,-1}/4)/2 * IM

1,8,-1}/8 * IM

filter I) * IM.

‘Similarly, filter K, which is the original less the image convolved with
filter D, is .

Q* ™ - (D* ™

(1-D) * IM

({0,0,1,0,0} - {1.4,8,4,1}/18) * IM
(-1,4,10,4,-1}/18 * IM

(f1lter K) * IM.

—

[—

T
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Examples A, C, D, and B illustrate that as the smoothing filter becomes
longer, the bhalf power point tends towards lower frequencies and the slope
increases. Equally for the differentiating filters, G, H, and J, the half power
point texds to higher frequencies and the slope increases. By subtracting a
smoothed image from the original, a differentiating filter is produced, but in
this cese the half power point tends towards the lower frequencies as the filter
size is increased. An example of this is filter K, which is the same as the
original image less the ome smoothed with filter D. Similarly, a high pass
filtered image can be subtracted from the original, to produce a smoothed image.
Thus, there is oonsiderable control over the position of the bhalf power point
and the slope. Slopes can be increased by allowing the frequency response curve
to beoome negative as for filter B. This negative gain, or phase reversal is
often unimportant, but a further filtering operation can remove the problem. eg
filter D applied before or after B would remove all the high frequencies.

A bandpass filter can be produced by successive convolution of the image
with high and low pass filters. A bandstop filter can be mads by subtracting

the bandpassed image from the original.

The following more ocmplex example shows how a low frequency bandpass
filter can be formed. The low pass part can be made from filters A, B, C, D or
E, or from the original image less G, E or J. Steep slopes are often desirable,
and hence D or E would be best. By the same argument, the high pass part is
best made by subtracting a low pass filtered image from the original. Thus for
& pass band with a centre frequency of 0.18, the image could be filtered with D,
subtracted from the original (ie high pass) and filtered again with D. These
stages can be examined with the help of Table 7. Filter D has a frequency

response of
4

(1718) . {6+8.00s2uf+2.008411f} = o8 Tf.
4 4
The bandpass filter is therefore oos f.(1~o08 1f),

which happens to be filter D followed by K. More generally, a bandpass filter
can be written as
n m
oos tf. (1-oo08 f).

Thisg function should have a turning point at the centre frequency, which
implies that
m m
n = m.oos 1f/(1-oos Tf).

For a ocentre frequency, f, ‘m’ can be chosen, and ‘n’ is then given by the above
equation. If ‘n’ equals ‘m’, the overall filter is symmetrioc. Attention should
be pald to the scales and offsets to ensure that the filter has a gain of cne at
the oentre frequency. Thus for the above example, filter D is applied first
with a socale of 18 and an offset of O as before, but the scale for fillter K
should be 4, with an offset of 128. The six-line banding of landsat MSS images
has a basioc frequency f = 1/6, and ocan be matched reasconably well with m = 4 and
n = 5 (should be 8.14), ie filters D, A, and K.

More ocmplex filtering operations than jllustrated in this example, should
be performed using Pourier transforme (see chapter 5.12).
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There are many filters which appear to be less amenable to this form of
analysis. For example, the simple laplacian filter

0 -1 O
(—1 4 —1\) does not decompose immediately.
0O -1 O

Sinoe the filter is symetrio, the two linear filters required to produce it,

should be of the form, .
x.(1,a,1) axd x.(a) where ‘x’ is the soale.
1
Convolving these two, results in the top left element being x.x which ocan only
the top left element of the Ilaplacian if x equals 0. However the
convolution process is distributive and therefore this filter can be deccmposed

to,
0 0O 0-1 0O
(—1 2—1)+ (0 2 0) .
0 0O 0-1 0
Thus the ILaplacian filter produces the same result as oonvolving the image with
the left 1-D filter above, and adding this image to the ome produced by

convolving the original imsge with the right 1-D filter. The frequency response
of the laplacian is the sum of the frequency responses of the separate filters.

Summarising, if filter A is oonvolved with filter B to produce C, then the
frequency response of C is the product of the frequency response of A and the
frequency response of B. If filter A 1s added to filter B to produce C, then

the frequency response of C is the sum of the frequency responses of A and B.
Any combination of sums and oomnvolutions is allowed.

The frequency response of the laplacian is therefore,
(2-2cos2mf(x)) + (2-200s21f(y)) = 2.(2-cosuf(x)-ocos2f(y)).
where f(x) and £(y) represent the frequencies in the x and y directions. It is

difficult to visualise this frequenoy response sinoe i1t is 2-D. However, a few
points can be examined. At £(x) = £f(y) = 0 , the ocutput is O.

At £(x) = 0, the output is 2-200smf(y).

At £(x) = 1/2, the output is 6-2c0smf(y).

At £(x) = f(y) = 1/2, ths output is 8.

An image of the frequenoy response ocan be made, where the intensity, I, at
a point x,y on the sareen represents the filter response at f£(x) and £(y). Thus
if

I = 64.(2-ocosn{Xpos-1} - oos{512-Ypos} ) ,
2585 255

an image of the frequenoy response will result in the bottom left quadrant of
the screen. (See the Arithmetio chapter for dstails on the functions used in
this equation.) The ‘64’ is simply to make the maximum valus of I equal to 255
in the image, whioh 1s shown in Fig 31 at the top left. At the top right, the
image has been slioced at elght levels, to show the locii of equal responses. At
the bottom left, the 3-D display facilities in the Text and Graphics chapter,
have been used to meke an alternative, which may be easier to visualise.

—
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Fig 31 Filter responses
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To determine the response of a filter at a particular pair cf frequencies,
f(z) and £(y), the command ‘PIXEL VALUE’ in the Contrast Stretca chapter (page
32) is used on the image of the response (eg Fig 31 top left).

For this example, f(x) =0 at x= 1, and f(x) =1/2 at x = 256
and f(y) =0 at y =512, and f(y) = 1/2 at y = 257.

Suppose the response is required at f(x) = 1/4, and £(y) = 1/8, the cursor is
put at
x = 1+(256-1)/2 = 129 and y = 512 + (257-512)/4 = 448.

The intensity at this point 1s 82. Since the image intensities were multiplied
by 32 to make most use of the intensity range, the filter response at this pair
of frequencies, 1s 82/32 = 2.56. Solving the equation 2(2-cosuf(x)-cosnf(y))
produces the answer 2.59, the small difference being due to quantisation errors.

Ancther example of an omnidirectional edge detecting filter is

-1 -1-1 0 0O 1 11 1
-1 8-1] = |0 9 O)j-{1 1 3 = 9-(1 1 1) =1/,
-1-1-1 0 u O 1 11 1,

the frequency response of which is 9 - (1 + 2cos2nf(x)).(1 + 2cosmf(y)).

A sliced 3-D version of this is shown 1n Fig 31 at the bottoem right, and
it will be noted that the maximum response does not occur at £(x) = f(y) = 1/2,
as in the laplacian, but at f(x) = 0 and £(y) = 1/2, and vice versa. Both tnese
filters can be used for omnidirectional edge detection, but the former is better
for enhancing individual points whereas the latter is better for enhancing <tkhe
edges themselves.

There are a great many 2-D filters with 3 by 3 welghts, and some of the
following examples have bheen taken from the books in the bibliography. Their
effects on the image can be analysed using the procedures already described.

Omnidirectional smoothing -

(111) (111} 121\
e .l1 1 1), 1/10./1 2 1}, 1/16.{2 4+ 2|
1 1 1 11 1 1 2 1]
Directional smoothing -
0 0 0 0 0 O
1/3 .1 1 1 1), 1/4 1 2 1
\o o0 o 00 0O

Omnidirectional edge detection -

or o0
[
oO+~0O

Omnidirecticnal edge erntancement -

-1
-1 5§ -1
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Directional edge enhancement -

0 0 0) -1 3 -1
(-1 3-1), 1/3 (—1 3 -1
0 0 0! -1 3 -1
Ccempass gradient -
1 1 -1\ 1 1 1 1 1 1
(1~2—1‘, (1—2-1), 1 -2 1>.
1 1»1) 1 -1 -1 -1 -1 -1
(West) (N. VWest) (North)
Iine detector -
1 C-1 -1 2-1\
(z-1) 1 0-1], (—1 2 -1 1.
1 0-1 -1 2 -1/
0 0O 0 0O 0 0 1
(001,1/2.(011, 0 0 o0
0 0 0 0 00 0 0O
to the left to the left to the left
by cne pixel. by 1/2 pixel. and down.

Region growing/shrinking -

SN

010 1 1 1 0 0
1 5 11}, 1 9 13, 121 1]).
010 111 0 0
The last filters are used with images having limited grey levels. For
example, the result of a classification process (see chapter 5.8) may be an
inage of two classes, with class O at level O, and class 1 at level 1. Using
tke first reglon growing filter, results in the following output:

Output = 0 to 4, class O centre pixel, surrounded by 0,1,2,3,4 class 1 pixels.
Outrut = S to 9, class 1 centre pixel, surrounded by 0,1,2,3,4 class O pixzels.

If the resulting image were sliced, where,

Silces 1 & 3 (colour of red = ) cover intensity levels 0,1,2 and §5,6,
Slices 2 ¥ 4 (colour of red = 1) cover intensity levels 3,4, erd 7,8,9,

then tke effect would be the same as a medlan filter, arnd for example, spcts of
class O in an area of class 1 would be rexoved. Changing the slices to,

Sidces 1 & 3 coverirg intersity levels 0,1,2,3 a=d 5,6,7,
Slices 2 ¥ 4 covering intersity levels 4 arc 8,9,

would cause class O to grow axd olass 1 to shrink.

The middle example of the regina growing filters 1s again for a binary image and
the last one 1s for a 3-level (or 3 class) image, the levels being O,1,5. <ixe
slicing 1s of course much mcre ccomplicated for this last fillter.
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SAVE 1117

FILTER 1] 2 ST

RESTORE 21 4 i E]

FILTER Bl 14|11

SHIFT 8 12 C =

ROTATE 0| K2+

16 0 DS | -

READ SIZE 3 SCRLE OFFSET E vy

[IMRGE | [TL PIX|TL 1/4 TOP | TOP Fl (o071~

TOP 1/2 |LEFT 1/2 LEFT |RIGHT G 08 :

WRITE -
[MRAGE | [ror row | EEFT E%IT E%HT H| |«END

STATUS | HELLP |RETURN | IMAGE

INPUT FOR COMMAND OR QUIT

Fig 32 The 'Lizneur Filters’ page
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DEFINE FILTER

SUMMARY

A filter of up to 5 by 5 weights can be specified using this commard. The
weights can be made fractional by dividing by ‘scale’, and a constant can be
added to the final image to permit the use of negative weights.

COMMAND IN DETATIL

The size of the square filter up to 8 by 8 i3 first requested. Weights
can be left as zero if non-square filters are required. Having pressed
‘INPUT’, a cursor appears within the filter. This is moved over the
weight to be specified, using the rolling bhall. Alternatively, if
‘CENG’ 1s pressed the cursor nmoves to the next weight in the filter.
With the cursor over this weight, the ‘INPUT’ button is pressed, and the
rolling ball is moved to set the positive or negative integer value of
the weight. Pressing the ‘INFPUT’ button again allows the user to move
the cursor to specify anocther weight, and so on. A weight can be
redefined and a welght which i1s not specified by the user, 138 assumed to
be zero. Vhen oamplete, the ‘QUIT’ button is pressed to exit from the
filter patch. It 18 now necessary to give a ‘scale’ or the integer
mumber which will be the divisor of each weight. A number is sugdgested,
based on the welghts that the user kasg put into the filter, but it can
be changed with the rolling ball. EHaving pressed ‘INPUT’, the ‘offset’,
is specifled in the same way. This number is added to each pixel of the
output image to remove any negative Iintensities. One more presg of
"INPUT’ completes this operation. Having specified a filter, ‘'DEFINE
FILTER’ can be used again to change one or more of the weights, scale or
offset without affecting any other term. If the filter 1is symetric,
time can be saved by using the ‘SYMMETRY’ ccmmand below.

SOMETRY

SUMMARY

If there is symmetry in a filter, this command will replicate weights, lines
of weights eto, so that filters can be defined quickly.

COMMAND IN [ETAIL

The only item required is the weight(s) to be replicated.

TL PIX - The top left weight is copied into every location.

TOP 1/2 The top half of the filter 18 copled into the bottam half.
If there are 5 rows, the top two rows are copied into the
bottom two, and similarly for 3 rows.

TCP RCW - The top row 18 copled into every row.

TL 1/4 - The top left quarter is copied into the otker quarters.
If thers are S rows, only weights frcm the top two rows
arg copled, eta.

LEFT 1/2 - The left half of the filter is copled to the right.

If thersg are 3 columnsg, only two are copled, etao.
LEFT QL - The leftxcst oclumn is copled into every colum.
Eaving chcsen the required option with the cursor, the 'INFUT’ Duticn is
rressed and the welghts in the fllter are changed.

]

v
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FILTER IMAGE
SUMMARY
The filter shown in the mem: is applied to the image(s) with this commard.
COMMAND IN DETATL

The only secondary cammands define the stores to be filtered, the stores
for the results, and the area to be filtered. This area 1s specified as
the whole area, the part area inside the rectangle, (the position of
which can be changed with the rolling ball, and the sizs of which can be
varied by pressing ‘CENG’ and moving the rolling ball), or the last area
specifiad

SAVE FILTER
SUMMARY

This commarxd anablegs & user defined filter to be stored in the hest
camputer.

COMMAND IN DETAIL

The letter used to identify the saved filter has to be chosen. A lire
of up to 70 text characters can be inserted at the terminal, and this is
stored as & descriptor for the filter. If no text is required, 'INFPUT’
is pressed. The filter weights, the scale and the offset are also
stored.

RESTCRE FILTER
STMMARY
This coamand enables a previcusly stored filter to be retrieved. Tke beadeT
text appears on the terminal screen.
SHIFT AND ROTATE
SOMMARY
Using this coammand, a filter oreated using 'DEFINE FILTER’ or a restcred
filter, can be shifted in the x or y direction, by integer or fractiozal
amcunts of cne pixel spacing. The filter can also be rotated.
COMMAND IN LETAIL
The shift 4in +he x direction is required first and a puxber arpears c2
the screen with a swall bar above it. If the rolling ball is mcved;o
the right, then the number is incrementad starting at the digit belcw
the bar. Moving the ball to tte left causes the number to decredent.

If 'CG’ 1is pressed, the small bar can be moved to the left cr Tight.
Thig 18 useful if a number with many digits is to then be entered, 6108




the two least significant digits could be entered, the bar moved to the
left and the next two digits entered, eto. If 'CING’ is pressed again,
the decimal point is moved by the rolling rall. These three operations
of changing a number, moving the bar and moving the decimal point, cycle
round continuously, enabling decimal numbers with pany digits to be

The shift in the y direction is next entered in the same way, and
finally the rotation angle in degrees is given. A rotation of 90 deg
will cause a filter weight right of centre to move to above centre, ia
rotation is positive in an anticlockwise directionm.

-

It 1s assumed that the fllter i3 surrounded by welights all of
which are zero. Thus if the filter is moved cns pizel to the right,
there will be a colum of zeros at the left. The shift command is mest
useful for fractional pixel shifts. A sino function is used to resample
the filter; welights outside the area of the filter patch on the screen
are discarded. This implies that, for example, a rotation of +12 deg
followed by ome of -12 deg, will not normally result in a fillter having
exactly the same weights as the origiral. Therefore, rotation should
only be applied once. If, for example, an edge emhancement filter is to
be applied at 15 deg, 30 deg, 45 deg,...., t0 produce a set of images
with enhancements in different directions, the besioc filter should be
saved, and should be restored each time for each rotation, rather than
rotating 1S deg, applying the filter, rotating 15 deg again, eto.

o g oo
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STMMARY

This command allows the user to extract a patch from an imsge and write tke 5
nurbers into the filter array.

The only requlrements are to specify the store to be read, and to placs

the bcx over the area of interest, using the rolling rall. The size (up A
to 3 by 8) of the box can be varied by pressing ‘'CENG’ and using tke :

rolling ball.

SUMMARY

This command 18 the inverse of READ IMAGE in that a patch of up to 5 by S
elements can be inserted into the stors specified by the user.
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5.8 Classifiers, Copy Bit Plane

In ‘Density Slice, Measure Areas’ (section 5.5) it was suggested that in a
black and white image, & particular feature may be characterised by & oertain
shade of grey, (ie water may lie between black and dark grey in many images).
However this simple rule may result in many errors. In this example, some areas
of water may lie outside the range black to dark grey, and other features e.g.
shadows, may lie within the rande giving errors of both types, i.e. excluding
some of the required feature and including parts of other features. This
density slice could be performed on a second image (spectral bend) where it may
be found that different parts of other features are included and are thus
erronecus. If the second slice is applied only to the areas sliced in the first
band, there should be an improvement in the number of errors introduced. This
process oould be repeated for all the spectral bands (up to 16 in GEMSTONE) but
it would be very tedious. Classifiers allow the user to do this multi-band
selection with the minimum of effort.

There are three different types of oclassifier in GEMSTONE, presented here
in increasing order of complexity, theoretical accuracy, and time of execution.

all require the user to identify one or more ‘training areas’. For example
if a small box is put totally inside an area which is known to be woodland, the
box would enclose a training area for woodland. The three classifiers use the
information differently, but ultimately produce images of areas bhaving similar
spectral characteristics to the +training area. For this example, all the
classiflers should produce images of the areas of woodland.

In the case of the box colassifler, having been supplied with these
tralning areas, the system will examine only pixels within these areas and will
produce histograms for each spectral band. Consider the oclassifier orerating on
only one band, initially. As illustrated in FPig 9 (p22), a histogram is likely
to have long ‘talls’, and in this one, the bulk of the data is between 50 and
150, with talls between 25 to 50 and 150 to 200. A simple density slice from 50
to 150 would include the bulk of the data. If in the same image, there is a
much brighter class with a distribution centred on 200 say, then the lower tail
of this distribution will overlap the upper tail of the previous one. Extending
the slice limits of the previous ome to 25 and 200 will therefore add a few
extra correct pixsels in the tails, but will add many incorrect pixels from the
brighter olass. Hence the talls of the distributions are sacrificed to reduce
the errors, and for this classifier 1% of the distribution is neglected in each
tall. A single band classification i1s a density slice where the limits are at
the 1% and ©9% points of the histogram of the tralning data. When the
classifier bas been operated, these numbers appear on the chapter page alongside
the corresponding store number. For a multi-band image, <this process is
repeated so that & pixel is inoluded in a class only 1f it passes the separate
tests in all bands.

In the case of the discrete olassifier, the pixels in the tralning area
are not treated as samples of & more general distribution. Each pixel is
treated as a separate training area, and the whole image is examined for pixels
that bave exactly the same intensities in all the bands, as one of the pizels in
the training area. For example, if there is a single band image and only four
training pixsls with intensities, 1, 3, 4, 8, the classifier will only select a
pixel in the image if the intensity of the pixel is 1, 3, 4, or 6. If there is
a small number of pixels in the <tralning area, the ©process is too
discriminating. In such ocases, a small n—-dimensional box 1s constructed arcund
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each pixel and the size of this box, can be changed by the user. If the box
size is 2, the total intensity range (0-255) will be divided into 128 groups of
2 intensity levels. 1e 0/1, 2/3, 4/5, 8/7, etoc. Thus for thse example above,
the training pixel with intensity 1 lies within group 0/1, and henoe any pixel
in the image with a value of O or 1 will be oclassified. Similarly training
pizel values of 3, 4, 6, lie within groups 2/3, 4/8, 6/7, respecotively, and
hence any image pixel in the range O to 7 will be classified. For a box size of
three, there are 88 groups (ie 0/1/2, 3/4/5, eto).

This classifier therefore considers the training area as the oomplete set
of individual pixel values, and will give good results where large tralning
areas are used, and/or where the user is sure that the training area oontains
all the pixel values required. Unlike the other two classifiers it will operate
on a multi-modal distribution. For example, in a mixed woodland with individual
trees, which are spectrally quite different, it will search the image only for
those particular pixel values. The other classifiers treat these samples of
many separate distributions as samples of one, and the results are inferior.
The difficulty with this classifier, 1s in ensuring that the training area
actually oontains pixels with all the values of interest.

For the maximm likelihood oclassifier, the pixels of the training area are
treated as samples of a class, which is assumed to have a Gaussian distribution.
From statistiocal theory, the probability demsity function of such a distribution
is

. _1
(XM .Cc .(Z-M)
2

vl

-1
2
Den(X) = (2mw) . det(C) . e ,

where C is the oovarianoe matrix of the training area (see page 66 for the
definition of the covariance matrix), M is the intensity vector of the mean of
the training area, n is the number of bands or dimensions, and X 1is the
intensity vector of a pixel in the oclass. The likelihood of cbserving one
single point X, given that the pixel is in the class, is also the same function.
Note that this is not the probability, sinoe the probability of observing a
pixel within a given range of values is the integral of Den(X) over that range,
the probability of observing a single valus is the integral of Den(X) over =zero
range, and 1s thus =zero. It is oonvenient to wuse the log form of the
likelihood, Lik, as in
s -1
log{lik(X)} = -~ %.mg{zz} - %.log{det(c)} -%. (X-M) .C .(X-N) —(3).

The first two terms on the right hand side are constant for one training area,
and the last term is a measure of the squared distanoce of a pixel from the mean
of the training area, normalised by the covariance matrix. For a single olass
and single band it 1s simply neoessary to evaluate this last term, le

log{lik(x)} = - (z-m). 1 .(x-m) —(4),

1

o0

wvhere x is the intensity of the pixel being tested, m and ¢ are the mean and
standard deviation of the training area distribution, and the 1/2 in equation
(3) has been neglected. If x=m, then from equation (4), we have the reasonable
result, that the log likelihood is a maximum when the pixel intensity is the
ssme a5 the mean. The log likelihood reduces as x departs from the mean, m, in
a parabolio manner.
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The measure of likelihood stored in the cutput image from this classifier
in GEMSTONE 4is the log likelihood as defined in equation (4) for one band, or
the last term of equation (3) (without the constant 1/2) for multi-band images.

This classifier is generally used to make decisions about whether a pixel
belongs to class 1, or olass 2, or class 3, eto. For this decision making
cperation, the last two terms of equation (3) are used. In the case of a single
band, this reduces to, :

2 2 2
log{lik (x)} = log{d} - (x=m ) /0
1l 1 1 1

where Lik (x) is the likelihood of the pixel with intensity x being in class 1,
1

acrd m and ¢ are the mean and standard dseviation of the class 1 distrirution.
1 1

Similarly, the likelihood that the pixsel with intensity x belongs to class 2 is,

2 2 2
log{lik (x)} = log{o} - (zm) /¢
2 2 2 2

These last two expressions are evaluated for every pixel in the image, and if
log{lik (x)} is greater than log{lLik (x)} for a pixel with intensity x,
1 2

then that pixel is assigned to class 1, (or to class 2 if the oppcsite is trus,.
This is the most elementary form of the decision rule used in this classifier.
In the genmeral case of multiple bands and multiple classes, the last two terms
of equation (3) are evaluated for every class and every pixel. The result is
that every pixel in the image will have one likellhood of belonging to class 1,
ard another of belonging to alass 2, eto. The same decision rule is applied, so
that every pixel then has associated with it the number of the class to which it
is most likely to belong.

The scene can now be alassified and so, for example, if there are four
classes, every pixel would be assigned to its most likely class and there would
be four classes displayed in four colours on the screen. There would Dbe o
pizel left as ‘unclassified’. Taking this concept to the limiting case of cnly
ore class, since every pixel would bave a finite likelihood of belonging to tkhe
one class, every pixel in the image would be classified as belonging to that
class. This is obviously unreasonable, since a pixel with an infipitesimally
srall likelihood would still be classified. In GEMSTONE, the user is allcowed to
make one further decision to get round this difficulty. Earlier, it was stated
that a Gaussian distribution is assumed for the intensities of the pixels in the
class. Considering one bard again, or a simple 1-D Gaussian distribution it can
be shown that 68% of the points in the distribution lie between m-g and =4,
where m 1is the mean and ¢ is the standard deviation of the distributicn, azd
that 95.6% of the points lie between m-2¢ and m+2d.
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In the Gaussian distribution shown here, No 01" Pixels

a density slice from m—d to m+d, would
colour in €8% of the pixels in the class,

and the pixel at x would be excluded.
Changing the slice to the range m-2d to

n+26 would colour in 95.6% of the pixels

in the class, and the point x would be
included. Thus, with a density slice, the /
user can make a decision on the significance
of point x, eto.

In GEMSTONE, it is the likelihood that is
sliced, since the basic cutput of the

classifier is the log likelihood that a ‘ L log(lik)

pixel belongs to the class. The graph of
log likelihood for one class axd ome
band is shown here (cf equation (4)).
Both this graph and the Guassian
distribution have the same

horizontal axis and therefore a slice

of likelihood corresponds uniquely
to a proportion of the total number

of pixels in the clasg. For example,
Slice 1 in the log(lik) graph
corresponds to the range m—-d to m+d,
which includes 68% of the data.
Similarly Slice 2 corresponds to tha ~+

.‘
\

\
A

\

range m-2d to m+2d. m~-2d m—d
There are 16 slice levels allowed in GEMSTONE. They

This gives a good overall ranga and a reasonable resolution.

Level Percentage of pixels in alass which are,
sliced not sliced

15 60.2 39.8

14 74.9 25.1

13 8&4.2 15.8

12 90.0 10.0

11 93.69 8.31

10 98.02 3.98

9 g7.49 2.51

8 98.42 1.58

7 99.00 1.00

8 99.3689 0.631

5 99.602 0.398
4 99.749 0.251

3 99.842 0.158

2 99.900 0.10C

1 99.93€9 0.0631
o) 100 o)

m

o
T

m+gd  m+2d

are set at the
following levels, where the mumbers of pixels unsliced form a gecmetric

pregression and the factor between successive numbers is the fifth rocot of ten.
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Fig 33 Classifier examples
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The ocutput image from the classifler contains Pixsl
two items of information for each pixel, bit s
namely, the most likely class to which 1 i
the pixels belongs, and the measurs of 2 » Log likelihood
likelihood. There can be 16 classes and 3 . in range 0-15
16 likelihood levels, which are stored 4 J
in the output pixel as shown. Because 5
of this mixture of information, the 6 Class npumber
‘Density Slice’ commands cannot be used 7 in range 0O-15
to slice the lixelihood. The speaial 8

cammand, ‘DISPLAY MAX LIK’ must be used.

The effect of these classifiers is illustrated in Pig 33, where the two
single band images at the top are combined to form the colour picture at the
middle left, by putting the top left image on the red gun of the TV, and the top
right on the green. Suppose it is required to find all the areas that bhave a
range of orange-yellow colours. The training area cutline shcown in the colour
picture at the middle left covers most of the required colour range, althcugh in
drawing it, a mistake in the form of a kink, has been made. The performance of
the three classifiers can be compared using the last three images in Fig 33, by
noting how well they classify the training area. In & real application of
course, the image would not have pixels whose intensities depend on spatial
position, and hence other areas in the imsge would be classified.

The result of using the box classifier with this training area is shown at
the middle right, where the classified area is in blue. Since the limits of the
box are set at the 1% and 99% points of the distribution in each spectral band,
a small part of the training area remains unclassified. This can be seen at tke
top left of the example training area. Many pixels which are not orange-yellcw
have been classified (eg green ones at the bottom left, and rTed at the top
right). This illustrates the limitation of the box classifier, in that many
areas quite different from the ¢training area, can be included. However, it is
fast and sixple.

The result of using the discrete classifier is shown at the bottom left.
Cnly those pixsls within the image, which have exactly the same values in both
spectral bands as ones in the training area, are classified. Hence 1in this
example, the classifled area is the same as the tralning area. Where the human
error was made in drawing the training area, the imegde remains unclassified.
This illustrates the limitation, in that ths olassification will be in error
unless the training area contains an example of every pixel intensity required.
In GEMSTONE, a =small box can be constructed round the intensity point of each
pixel in the training area, thereby alleviating this drawback. This classifier
is extremely precise, ¢takes lornger to run than the bax versicn, ard should be
used with care.

The result of using the maximum likelihood classifier is shown at the
bottom right, where the intensity correspords to the 18 pessihle levels of
likelihood. Thus the brightest part in the image ocntains the pixels mest
likely to belong to the class. By slicing the image (using 'DISPLAY MAX LIX'),
the image can be divided into two regioms, in the class axd outside. The slice
level can be varied by the user. This classifier treats the tralnirg area as a
sample of a distribution, and is thus relatively immune to the human error (cf
discrete) and it results in a class which fits the training area very well (cf
bcx). It is the most complex of the three alassifiers, but should give the best
results, when the process 1s urnderstood.
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CHOOSE CLASSIFIER
SUMMARY

One of the four classifiers can be selected. ‘Manual’ is the same as the
box classifier, except that the mumerical limits for the bax are entered by
the user. The ‘box’, ‘discrete’ and ‘mex lik’ are as described on the
previous pages. :

DEFINE TR AREA
SUMMARY

¥ith this command, cne or more training areas can be stored in overlay plane
4.

COMMAND IN DIETAIL

There are 85 secondary comands. ‘CK’ is8 used to inform GEMSTONE that
the definition of training areas has been campleted. The user is <then
returnaed t0 the primary commands. ‘Clear’ erases overlay plane 4 prior
to the definiticn of a pew training area. ‘Bax’, ‘draw’ and ‘paint’ can
all be used to define training areas, using rectangles, irregular
outlines, or ilrregular areas, respectively.

In the case of ‘bax’, the rolling ball is used to move tte
rectangle. Its size can be changed using the rolling bell after
pressing the ‘CANG’ button. At the bottom right of the screen, the
position of the top left corner of the box is given when the bex is
being moved, and the size of the bax is given when this is being
changed. These two operations oontinus to c¢ycle with further pressings
of the 'CENG’ button. When the box is totally within the homogenecus
area 0 be used for training, ‘INPUT’ is pressed, to rsturn the user to
the secondary cammancds. The number of pixels in the training area is
displayed on the VDU. A further training area can be added, using acy
of the three methods. In this way, many small training areas can be
chosen as examples of cne class, and when this process is complete, 'CX°
1s selected. Every pixel inside the box, includirg those underneath itlhe
boundary of the bax, 18 used to produce the statistics of the traiairg
area. It 1s therefore important to ensure that no box extends outside
the homogensous area, Or errcneocus classifications will be produced.

In the case of ‘draw’, the rolling ball moves the point at whick
the lins is to start. After pressing 'CEING’, the rolling ball is thec
used to draw the line which is the boundary of the hcmegenecus area tc
be used for training. When ‘'CENG’ is pressed again, GEMSTONE Joios tke
last point to the first, £111s in the enclosed area, and displays cn toe
VLU the number of pixels in this training area, together with the total
number of pixels in all the trainirg areas for this class, so0 fac
selected. The rolling ball can be moved again to describe further
training areas. Pressing ‘INPUT’ ocmpletes the operation and the user
i1s returned to the secondary ccommands.
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For ‘paint’, the rolling ball is used to move the Cursor to a
point insids the required earea. When ‘CENG’ is pressed, and the rolli-g
ball moved, it is as if there were a paint brush urder the centre of the
cursor and the training area can re described by ‘painting it in’. The
size of the brush can be varied by changing to mode 1 (ie by pressing
the 'MODE’ Dbutton so that the light under the button is extinguished).
Moving the rolling ball to the right causes the ‘brush’ to widen, and to
the left causes it t0 decrease to- a minimm of one pixel wids.
Returning to mode O by pressing the mode button again, results in the
rolling ball controlling the painting again. If ‘CENG’ is pressed once
more, and the ball moved, the ‘brush’ now ‘paints cut’ or ‘erases’ any
defined training area. The size of the ‘brush’ can be varied as befors.
Note that this ‘painting cut’ process is the way in which a training
area may be removed. Pressing the ‘'CENG’ button again allcws the user
to move the starting point for another painting operation. The current
function of the rolling ball (ie move, draw or erase) is displayed cn
the VLU. When ‘INPUT’ is pressed, the operation is completed, and ths
user is returned to the secondary cammands.

QOPY BIT PLANE

SUMMARY

The contents ¢f one bit plane or overlay plane may be copied to another
plans using this ccumand.

COMMAND IN DETATL

Since the cammand ‘DEFINE TR AREA’ always puts the tralning areas into
overlay planse 4, ‘COFY BIT PLANE’ is often used to copy plare 4 to bit
planes in stores. For example, an 8 <class meximum likelihcod
classification would requite 8 tralning area sets, cne for each class.
The set of training areas representing class 1 could be ccopled frem
overlay plane 4 into store 1 hit plane 1. The set representing class 2
could be copled into store 1 bit plans 2, eto. Equally, 1or tke single
class classiflers, the results are always put into overlay plane 3. For
miltiple executions of such olassifiers for multiple classes, tre
results can be accumulated in bit planes of stores, by this copying
process. Careful notes should be kept of wkere training areas and
olassification results are stored, otharwise a complete muddle can be
produced when using this command.

The user 1s first asked to chcose tkhe sourcs data for tie copy azd
overlay planes 2,3,4 ag well as any (or all) bit plare of any Stcre can
ba used. If the socurce ‘Zeroces’ 18 selected, the number 0 will be
copied. This is the method used to erass cre (ur many) bit plare. Tks
b't plara(s) 1into which the data are to be copied is next specified.
Ovarlay planes 2,3,4 and any (or all) bit plars of aany store can be
used. If all 8 bits of cme store are copied to all 8 of anotier, ths
user hag the further option, in that the data can be copled througa a
look~up table. Th's feature can be used for saving fipal results frco
the maxirmum likelihood classi-ier. Either the red, green, or Dblug 1IT
can be speified, or nome at all in which case, the data are ccpled
unmodt £ied.
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CHCOSE TR AREA

STMMARY

The bit planes contalning the tralning areas for the classifiers, are
specified with this command.

COMMAND IN LETATL

In the case of the box and discrete classifiers, at least cre bit plare
mist be specified as the source of the training data. If the user has
put two examples of training areas for ome class, into two hit planes,
then the olassifiers can be run using one or other or both examples.
This 1s very useful for investigating the contribution of different
training areag. The user simply chocses the bit plane or planes
containing the required combination of training areas. For the maximum
likellhood classifier, ome and only cne bit plans is required for each
Aasg up t0 a maximumm of 168. Thus, if 8 training areas are stored in
the 8 hit planes of store 1, and they are all selected, a classification
with 8 classes will result. Eowever, if only 5 bit planes are ¢ -sen,
only 5 cdlasses will result.

CHOOSE BANDS
SUMMARY

This command 18 used to select the stores containing the bands of data to be
used by any of the classifiers. Up to 16 may be selected.

CLASSIFY
SUMMARY
This command is used to execute the classification.
COMMAND IN LETAIL

Before using this command, many of the previous cammands must have been
executed. The type of classifier must have been selected using ‘CEDQSE
CLASSIFIER’. Training areas must bhave been defined with '‘DEFINE TR
AREA’. Multiple training areas must bhave been copied out of overlay
plane 4 with ‘COPY BIT PLANE’. The training areas to be used must have
been specified with ‘CHOOSE TR AREA‘, and the bands to be used by the
olassifier must bhave been selected with ‘CHOOSE BANDS'. If cne or mors
of these operations has pot been performed, GEMSTONE will ask the user

to supply the required information.

If the manual classifier was selected (in ‘CHOOSE CLASSIFIER').
the user is asked for ¢the limits of the box in each band. Initially
both the upper ard lower limits are set at 128 and displayed on tke 1TV
screen opposite the numbers of the selected stores. If the manual OT
bax classifier was used immediately before, the previcus ldmits are
displayed on the screenm. Moving the rolling ball to the right or left
will increase or decrease respectively, “he lower limit of the fizst
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band, and this 1s displayed on the screen. When the desired value is
displayed, ‘INPUT’ is pressed and the upper limit of the first bsnd can
be varied using the rolling ball. After pressing 'INPUT’ again, the
lower limit of the second band can be altered, and so on until all the
limits have DIeen set. The cursor moves each time to indicate which
limit is being varied. Whether limits have been changed or not, ‘INPUT’
must be pressed for each upper and lower limit in each band. On
campletion, the classification 18 performed, the result displayed in
overlay plane 3, axd the mumber of pixels in ths class, the % of the
total number of pixels in the class, and the total number of pixels in
the image all appear on the VDU. VWhen the classifier is next run,
overlay plane 3 will be overwritten. Therefore, to preserve a
alassification, it should be copiled to apother bit plane (gemerally in
one of the stores) using the ‘COPY BIT PLANE’ command.

If the bax classifier i3 selected, the oclassification
immediately by examining the data in each band, within the training
areas, and the means and standard deviations of these data are displayed
on the VDU. The limits of the box are displayed @m the TV. Overlay
plana 3 is again used to hold the classification, and the mumber of
pixels in the class, the % of the total, and the total all appear on the
VIU. The results should be copled to a store if they are to be saved.

If the discrete classifier 1s selected, the user is asked for the
size of the boazxes 1n each dimension, as described cn pages 95 and 986.
The size in each dimension is displayed to the right of the store number
to which 1t refers. If the cursor is moved to the size to be changed,
and the ‘INPUT’ button pressed, then the user can change the size with
the rolling ball. Pressing 'INFUT’ again allows the user to select
another dimension, and so on. The sequence is finished with the ‘QUIT’
button, whereupon the classification process starts, with the results
being produced in overlay plane 3. The number of pixels in the class,
the % of the total, and the total all appear on the VIU. The resulis
should be copied to a store if they are to be saved.

If the meximum likelihood olassifier 1is selected, the process
starts immediately and the means of all the bands of each training area,
together with the mumber of pixels in each training area are displayed
on the VDU. The user is next asked for the store to bs used for the
results of the classification. The standard deviations of the data
within each training area are then displayed on the VDU. These standard
deviations relate to the principal component axes for each training
area. At the conclusion of the classification, GEMSTONE passes
autcmatically onto the command ‘DISPLAY MAX LIX’ described below.

DISPLAY BIT FLANE

STMMARY

The contents of one, two or three bit planes can be examined quickly with
this command.

1
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COMMAND IN DETAIL

Suppose a mumber of training areas have been stored in the bit planes of
store 1. If the user asks for bhit onme of this store to be displayed in
red, then only in those places where bit ome is set will the maximum red
(ie level 258) be displayed, and red will be set to zero elsewhere. For
{ this operation, all the locations in the red ILUT up to and including
level 127 bhave their contents set to zero, and all locaticns above 127
have their oontents set to 285. By a similar method, bit plane 2 could
be displayed in green. The resulting image would show all the regicos
in tke first training area in red, and all the regions in the second
1 tradm.ngueaingreen. A region in both training areas (which would
] - normally be an error), would be both red and green, le yellow.

-

l The seoondary ccmmands for this operation are to choose the bit
‘ plane and the colour for the display. If ‘all’ bit planes are chosen,

this implies that all bits must be seen, and s0 the LUT 1s reset s0 that
location O contains O, location 1 contains 1, eto. If the colour ‘none’
is chosen, tiis implies a hlack and white image, and hence all the LUT’s
are made the same. This command can be to reset all the IUT's very
quickly, by choosing ‘all’ bit planes and ing the colour to ‘noms’.

i

:

t

DISPLAY MAX LIK

This comand 18 used to examine a maximm likelihood classification, to
select the reject level, and to set the ILUT’s for results storage.

COMMAND IN DETAIL

A special slice is applied to the image by this command. The colours
correspoxding to the 16 olasses are shown in the following table.

i

’ .~ Class no. Colour Red Green Blue
i 0 Elack 0 0 0
{ 1 Red 255 0 0
! 2 Green 0 265 0

F: 3 Blue 0 0 255

' 4 Yellow 255 258 0

| . 5 Cyan 0 255 255
1'-‘ 6 Magenta 255 0 255

| 7 Grey 128 128 128
8 Brown 80 48 48

9 Gold 255 192 0

) 10 Orange 255 128 0
11 Purple 128 0 128

12 Dark Blue 0 o 64

13 Dark Green 0 128 0

14 Dark Red 128 0 o

15 Petrol Blue 64 128 128

18 Pinky Purple 192 64 128

Table 8 Colours of displayed olasses.

.
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SAVE

The special slice 1s set initially so that 1.6% of the data within a
class are rejected. As the rolling ball is moved to the right more can
be rejected, and vice-versa. This reject level is displayed on the VDU,
and the whole range of posci.ie reject levels is given on page 98. Note
that the region left as hlack is the unclassified region and is referred
to as class O in table 8 and elsewhere.

Having adjusted the reject level to display the best compromise
between including as much of the oclass as possible, == yebt not
including errcnecus pixels, the user presses ‘INPUT’. The next choice
is whether to leave the LUT’s so that ths colour picture remains on the
screen, or to change the LUT’'s so that class 1 is displayed at level 1,
class 2 at 1level 2, eto, with the unclassified areas at level 0. This
produces a very dark picture but it is very useful for the storage of
the classified image 4in a very simple form, using the ‘COPY BIT PLANE’
cammand. Thus, either ‘colours’ or ‘mumbers’ respectively, is selected
and ‘INPUT’ 1s pressed, whereupon the ILUT's are changed if necessary,
and a display of the numbers of pixels in each olass with percentages
appears on the VDU.

If ‘numbers’ is selected and the image 1s stored through the
I0T’s, the colour ploture can be reproduced simply by slicing the image
at levels 0, 1, 2, ...., 18. Within ‘Density Slice’ there is a standard
slice called ‘16-level’ (p4l) which reproduces these slice levels and
the colours in table 8.

SUMMARY

It i8 possible Lo save classification parameters using this command.

COMMAND IN DETAIL

For the box olassifier, the upper and lower limits in each barnd are
stored. Up to eight sets of classification parameters can be store for
the bax classifier, and these are labelled BA to EH (for Box-A etc). Up
to two sets can be stored for the maximum likelihood classifier,
labelled MA and MB. These classiflication parameters can be recalled for
application to the same scene, a different sceng, or for use in a

background program to process a much larger scers.

The only secondary command 1s to specify the npame of  the
classification, Bl, B2,...,B8, for the box classifier, or M1, M2, for
the maxrimum likelihcod classifier. A line of up to 70 text characters
can be 1inserted at the terminal, and this is stored as a descriptor for
the alassification paramesters.

ahiie B 6o [N G
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RESTCRE

SUMMARY

This command allows the user to run a previously stored classification.
CCMMAND IN DETATIL

Cne of the 8 box classifications, or one of the 2 maximum I1{kelihood
classifications must be selected. The bheader text appears on ths
terminal screen, including the number of banxds used in the
olassification. The stores for these bands need to be selected again.
¥ith this command, many socenes can be classified using the same
classification parameters, and s0 if a classification of a large image
1s required, it can be divided into a mumber of storse sized images, and
they can be olassifed separately. The resulting set of classified
images can then be joined together in ths host computer to produce ths
classificaticn of the whole large image.

RESTORE STRETCH

SUMMARY

This command 1is exactly the same as ‘RESTCRE STRETCH’ in the contrast
stretch chapter, (p3l). It is here simply for convenlencs.

COMMAND IN LDETAIL

When such operations as ‘DISPLAY MAX LIK’ are performed, any previcusly
applied contrast stretch 1is 1lost. Provided stretches have been saved
while in the contrast stretch chapter, they can be restored here. The
ecnly secondary command is to choose the stretch.
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5.9 Text and Graphics

This chapter contains a number of cammands for:

(1) Writing text in an overlay plans.

(2) Writing text in an image within an image store.

(3) Writing text in a contrasting background within an image.

(4) Writing text with arrows or pointers eto.

(5) Drawing straight or curved lines (eg for direct interpretation of images on
the screen, for geological structure, roads, regiom outlines; production
of display material or slides with flow charts, diagrams, eta).

(8) Fi1ling in areas for other processes (eg training areas for classifiers,
areas defined in overlay plane 4 for such operations as ‘OVLY 4 HISTOGRAM'
(p34), masking operaticns, flow charts, diagrams eto).

(7) Drawing sprites.

(8) Erasing parts of the graphics, or images, using ‘PAINT’.

(9) Copying parts of an image to other positicns in the same or ancther image.

(10) Modifying the LUTs for B/W or colour presentaticos.

(11) Changing the IUTs contimucusly to provide attractive demonstration

graphics.

(12) Making 3-D diagrams of intensity.
These operations vary widely in camplexity from writing text (requiring only
‘WRITE TEXT’ to put text in overlay plane 4, with perhaps ‘CLEAR FLANE’ to
remove previous text), to drawing sprites where, not only are the commands
fairly complicated, but the Interactions with other cammands are also quite
carplex.
OUTPUT PLANE

SUMMARY

This command is used to specify the plans into which the graphics are to ke
written. BEither one of the first four stores or overlay plane 4 may be
used. If a graphics function eg ‘WRITE TEXT’ is run without selecting a
plane, overlay plane 4 is assumed. The current plane number is written in

the menu above ‘Help’.
CLEAR PLANE
SUMMARY

Having chosen the store for the graphics using ‘CUTPUT PLANE’, it can be
erased ccmpletely with this ccmmand.
PIXFEI, VALUE
SIMMARY
It is possible to write the graphics into a store at any desired grey level.

If a graphics function (eg 'WRITE TEXT') 15 run without selecting a pixel
valus (or gray level), 255 is assumed.
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COMMAND IN DETAIL

The only secondary command is to select the required grey level of the
graphics by specifying ‘number’, in which case the rolling ball controls
the lesvel and this npumber is displayed on the sCTeen.
Alternatively, for ‘curcor’, the rolling ball can be used to move the
cursor over a pixsl in some existing graphics or over a pixel in a grey
scale eto. The grey level of the chosen pixel is displayed on the
screen. For both methods ‘INPUT’ 1is pressed to seleot the displayed
value, and this mumber 1s copied to the memu above ‘Return’. FOr many
purposes such as writing text or masks in overlay plane 4, this command
need not be exeraised, since a valus of 255 is then assumed. Note that
overlay plane 4 is treated as a store with only one bit plane, the MSB.
Thus for the overlay plane, any number over 127 can be used. TFor the
stores, if 128 is chosen, then the MSB will be set to 1 and the others
to zero. This is not the same ag writing to ome bit plane since the
other bit planes may be altered.

A typical sequence of operatlions would be as follows. Choose one
of the four stores for the cutput, erase i1t, choose 'PIXEL VAIUE’ at
level 1, choose ‘PIXEL CQLOUR’ (see below) as 255 on red, O on green and
blus, and then draw the graphics which would appear as red and be stored
at level 1. If ‘mumbers’ were selected next time ‘'PIXEL VALUE' is used,
GEMSTONE would increment the value by oma, ie level 2 in this example,
and another colour e O on red and blue and 255 on green, could be
selected with ‘PIXEL COLOUR’. This second set of graphics would appear
in green, alongside the previous graphics in red, and would be stored at
level 2. Thus 258 sets of graphics could be bheld in cne store, and be
displayed in 256 colours selected from & range of 256*256*238
possibilities.

PIXEL CCOLOTR
SUMMARY

In order to maks the graphics clearer, or to display them in their final
colours, it 1is possible to alter the numpers in the IOUT location
corresponding to the pixel value selected with the ’PIXEL VALUE’ command.

COMMAND IN DETAIL

If ‘cursor’ 1is selected to define a colour, the cursor is moved with the
rolling ball over the required colour which may be some existing
graphics or a section of the colour palette (see below), eto. The
intensities 1n red, green and blus are displayed on the screen, and the
'INPUT’ button pressed to select the colour. If ‘numbers’ is selected,
the rolling ball ig first used to set the level of the red camporent of
ths colour. After pressing the ‘CHNG’ button the green component can be
changed and so on with blus, and then red again if required eto. The
‘INPUT’ button 4is pressed when the required colour bas been produced.
The default colour 18 to set all the LUTS to the value of the dgrey level
chosen with ‘PIXEL VALUE’. If neither of the commarnds ‘PIXEL VALUE® or
*PIXEL QQLOUR’ 4is exeroised, the default pixsel value is 255 and hence
tha default colour is 255 on red, green and blus (le white).
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WRITE TEXT
SUMMARY
Text can be written into ome of the first four stores or overlay plane 4.
COMMAND IN DETAIL

Before running this command, the user can specify the store into which
the text is to be written, the grey level at which it is to be written,
and the settings of the LUTs so that the text 1s i1n colour. The
cammands required are ‘OUTPUT PLANE’, ‘PIXEL VALUE’, and ‘PIXEL COLOUR’
respectively. However, text can be written without specifying any of
these, in which case the default values are used and the results ere

placed in overlay plane 4.

The text is first typed on the computer terminal. Any character
can be used including upper and lower case versions. There are two
pitfalls when trying to write lower case alpbabetic characters. Scme
terminals have a key labelled ‘TTY CAPS’ or similar, which when it is
on, hasg the effect of making all the alphabetic characters upper case
irrespective of the 'SHIFT’ key but leaves the others, eg the numeric
keys, as lower case. Seconxdly, there 1s generally a key labelled ’SHIFT
IOCK’ which makes all keys upper case. Both of these keys should be
off. Many lines of text can be typed in at once, each being terminated
wilh ibe 'RE.UAN’ key ana the whole text is finished with a blank 1lime.
This is the same as pressing the ‘RETURN’ key twice. If the user wishes
to have a blank lins within several lines of text, this can be achieved
by typing a space character and ‘RETURN’.

Mistakes can be corrected by Dbackspacing and overtyping.
Unfortunately. terminals vary in the key used t0 backspace. 1rf there is
a key marked ‘BACK SPACE’ or ‘BS’ this should be used. If tkere is no
such key on the keyboard, the next possibility is to find a set of four
arrcws pointing up, down, left and right. The key with the left arrow
will generally backspace correctly. If a keybcard has none of these
keys, there is most likely a single key with a left pointing arrow and
this will generally work. Where a keyboard has both the set of arrows
and 8 single arrow on 1ts own, the single arrow key is likely to put a
left pointing arrow into the text. Many terminals bave a key marked
‘RUB QUT’, but this gemerally does =nothing. A line of text can be
modified with numerocus backspacings, overtypinds, additions, eto, but as
long as the lime is correct before the '‘RETURN’ key is pressed, the text
should be written correctly cn the TV screen. After the 'RETURN’ key
has been pressed, the text cannct be modified. If such an inacocessible
error has been made, the user should continue, finish the text (ie two
‘RETURN’s) and then ‘QUIT’ on the control panel. The text can then be

retyped fram the beginning.

Having written the error free text on the ccmputer terminal acd
pressed a second ‘RETURN’, the user is returned to the menu, to checese
either ‘Auto’ or ‘Fized’. For ‘Auto’, a box appears on the screen, a=c
it can be moved with the rolling ball, or its size can be varied Ly
pressing the 'CING' button and using the rolling ball. The box should
be placed where the text 1is to be written. When 'INPUT’ is pressed,
GEMSTONE will write the characters so that they just fill the box. Tolis
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is a very quick and convenient way of writing small amounts of text.
However, it 1s very difficult to write many pleces of text in the same
image or in different ones and still bhave characters cof the same
appearance, because GEMSTONE varies the sizes to suit the boxes tkat the
user supplies. In such cases, ‘fixed’ can be selected. The user is
asked to give the size, in pixels, of a single character in the ‘x’
direction by moving the rolling ball and finisghing with 'INPUT’. In the
same way, the size in the ‘y’ direction is next supplied, and finally
the thickmess of the lines in the character ig given. The default sizes
of 8, 12, and 1 respectively, give characters that are small, c¢f a
reascnable proporticn, and quite legible. VWhen the last ‘INPUT’ is
pressed, a box appears on the screen and the size is such that the text
as specified will Jjust fit inside 1it. This box can be moved to any
position on the screen, and when ‘INPUT’ is pressed, the text ig written

at that place.

Examples of text can be seen in all the photographs within this
handbook. The texts in the early figures, eg figs 12, 14, 18 eto, have
been written using ‘Auto’. In Figs 29, 30, 31, 33, etc there are
exampleg of text writteam using 'Fized’.

QOPY AREA

SUMMARY

A rectangular area in any image can be copied to any position in the ocutput

image. Tha area copied may be limited by the contents of overlay plane 4,

and a& contrast stretch can be applied during the copy. Alternatively, the
area can be considered as a sprite and moved continucusly.

COMMAND IN DETAIL

Six secondary commands are presented to the user. The first 1s ‘W.ole
Box’, which is the simplest ons and 15 used to copy an area ocutline: by
a box, into a new position in the same or ancther image. If <his
command 18 chosen, then the next requirement is to select cne of the
contrast stretches (ie red, green, or blug) in the current LTTS, Or no
stretch (ie none), to be applied during the copy. Lastly, the store
containing the area to be copled, ie the source store, is chosen. The
socurce image 18 then presented to the user with a box, the positicn cf
which can be chanded with the rolling ball snd the size of which can Le
varied after pressing ‘CANG’, so that tha area to be copled is cutlized.
After pressing ‘INPCT’, the user can move the bax to the area where the
Copy is to be placed. Note that the size of this box cannot be charged.
After pressing the last 'INPUT’, the copy with or without contrast
stretch 15 performed. If the box is moved and ‘INPUT’ pressed, further
coples can be made into the cutput store, until ‘QUIT’ is pressed o
finish.

The command ‘Ovly 4 Box’ is the same as ‘Whole Bcx’ except that
only the area which 1is both inside the boax for the source store. and
insids the area set in overlay plsna 4 15 actually copled. A very
useful operation for this command is outlined in tke folleowing exazpls.
Suppcse it is required to contrast stretch an image which contains
bright regions (eg land in a remote sensing image) acnd dark regions (eg

"
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water), but to have different stretches in the two regioms in order +to
maximise the 4information that can be seen. Within the Comtrast Stretch
chapter two stretches can be saved, one for the bright regions, and one
for the dark. A mask for the bright region (and the inverse mask) could
be produced in the Density Slice chapter, or by classifiying, or by
drawing using the other commands in this chapter. VWith ope mesk in
overlay plane 4, axd the corresponding stretch applied to the image, one
area can be copled and stretched correctly with this command. With the
other mask in the overlay plarne, and the other ceontrast stretch
restored, the other area of the image can also be copied. A colour
image can be copled in a similar manrer.

If the copy is from one store to another, all 8 hits are copled.
a store to overlay plane copy, only the MSB of the store is copied
o the overlay plane, unless the copy ig through a IOT in which case any
pixel value which is charged to a value above 127 through the IUT, will
copied. In the reverse direction, the overlay plane is copied to all
bit planes of the store. This is the same as copnsidering the cutput
the overlay plane as being at level 255. If the one location at 2855
a LUT is changed, then by corying through the LUT, a copy can be made
any level in the ocutput store. An example of the use of copying
through the IIT is for the operatiom above, where different parts of an

For ‘Copy Sprite’ (see pll8 for ths definition of a sprite), tte
area to be copled 1=z treated as a sprite, ie it can be moved
centinucusly. It is however limited to-4096 pixels in area, for reasors
of speed. Also, the copy can only be made in the same store, ie the ore
specified by ‘OUTPUT PLANE’. Having chosen thls coperation, GEMSTONE
displays a bax whose position can be varied with the rolling ball arnd
whose size can be altered after pressing ‘CHNG’, Dbut within the 4096
pixel limit. If the size in the x direction 15 incCreased, there will
came a point when GEMSTONE will reduce the other dimension to remain
within the limit. VWhen °‘INPUT’ 4is pressed to select the area to be
copied, the rolling ball controls the position of the sprite. It may be
moved anywhere over the image and is not finally written into the store
until 'INPUT’ 4s pressed. Thus an object can be matched to tke
surroundings before being inserted, and the cursor ccatrol buttons can
help with the final accurate positicning. Multiple copies can be
written, and ths prccess erds with ‘QUIT’.

‘Copy Cvly 4 Sprite’ is the same as ‘Ccry Sprite’ exvept that tle
area copled must lie both inside the box and inside the area set in tke
overlay plans.

‘Move Sprite’ ard '‘Move Ovly 4 Sprite’ are the same as the 'Cory’
comnands above, except that when the sprite is moved, it is erased frcx
its original positionm.
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1 PATNT
SUMMARY

For this command, when the cursor is moved, it is as if there were a paint
brush under the centre of the cursor. Areas can be ‘painted in’ (drawn), or
1 ‘zainted out’ (erased) with & brush of variable width.

| COMMAND IN DETAIL

Initially, the rolling Dball is used to move the cursor to the start
point for the painting operatlion. When 'CHNG’ 45 pressed, and ths
rolling ball moved, & ‘painted’ lime is left behind the cursor. Since

the paint Irush is only one pixel wide initially, this operation can be
{ used to draw a contimuously curved 1line, unlike ‘DRAW LINES’ where
curved lines are made fram straight line segments. The size of the
brush can be varied by changing to mode 1 (ie by pressing the ‘MODE’
button so that the light under the button is extinguished. See secticn
i 4). Moving the rolling ball to the right causes the brush to widen azd
vice-versa. Returning to mode O results in the rolling ball controlling
the painting again. If 'CHNG’ i3 pressed once more, and the ball moved,
the brush now paints ocut or erases areas that were previously painted in
or set by any other graphics process. Pressing 'CENG’ again allows the
user to move the starting point for ancther painting operation. Tks
current function of the rolling ball, ie move, draw, or erass, is
displayed on the VDU. VWhen ‘INPUT’ 1s pressed, the operation is
complete and the user ls returned to the menu.

s )
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CRAW LINES

SUMMARY

Ly

[ With this comand the user can draw lines which comprise straight line
! segments.

CCMMAND IN LDETATL

The cursor 1is moved ¢to the start point with the rolling ball, ard the

‘INPUT’ button is then pressed to mark the position. Moving the rolling
ball to the next point in the 1line and pressing °'INPUT’ causes the

4 second point to be marked and a straight line is then drawn by GEMSTONE

from the first to the secord point. Tke rolling ball is then mcved to "

the third point, and so on. Thus a curved line can be drawn as a series

of stralght line segments. When drawing straight lizes or boxes ete, it

should be remembered that the buttons round the ‘MCCE’ button can also

be used to move the cursor up, down, left, or right (ses pll), or can

) lock the movement of the rolling ball in one direction (see pl3),

thereby making long horizontal or vertical lines easier to draw. Wken

the line has been completed, ‘QUIT’ is used to finish. The length of

the lire is displayed on the VLU.

L

»
—

An example of this ccmmand appears in Fig 31 where the horizontal
ard vertical azes have becen drawn. The tick marks and arrows were also
drawn with this command making use of the cursor ccntrol buttcns to form
ceat graghics.
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PCLYGON FILL

SUMMARY

This command 1s exactly the same as 'TRAW LINES’ except that at the
conclusion, the last point is conmected to the first point to form a closed
polygon, the interior is filled in, and the total area of <the polygon is

displayed on the VDU together with <the length of the lines round the
perimeter.

AREA FILL
SUMMARY

This command is like 'PAINT’ when drawing a contimuous line with a thickness

of one pixel, exvept that on campletion, the line is closed and the included
ares filled in.

COMMAND IN DETAIL

The cursor is moved to the start point with the rolling ball and ‘INPUT’
pressed to merk its position. As the cursor is moved further, a line is
drawn continucusly until ‘INPUT’ 1is pressed again, when the last point
is then connected with a straight line to the first, the enclosed area
is filled, and the total area 1s displayed cn the VIU.

SEED FILL
SUMMARY

This command allows the user to ‘plant a seed’ within a closed region azd
then f111 in the region.

COMMAND IN DETATL

A dlosed region is generally produced with ‘DRAW LINES’ or ‘PAINT’ and
results in a boundary line around the required region. It must be
closed, is the start point must be joined to the end point. When tke
cursor is moved inside the region with the rolling ball or the cursor
buttons, and ‘INPUT’ is pressed, GEMSTONE fills in the region within tke
boundary lins. If the region is not closed, this filling will ‘leak’
out of the gap and may f£ill the whole screen. 'TRAW LINES’ follcwed Iy
‘SEED FIIL’ can be exactly the same as 'PCLYGAN FILL’ rut in two
operations. EHowever, if ‘PIXEL VALUE' is chanded Dhetween the two
operaticns, the £illing can be at a different level from the bourdary.
This can be very useful for producing attractive display materials, (eg
text could be in one colour, written on a differemt Dhackgrouzd,
surrounded by a differently colcured border.) or allowing the user to
deal with a boundary in a different manner imn, for exaxrle, tke
classifiers.
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CRAY SPRITE
SUMMARY

A sprite 1s an object such as a square, a circle, an arrow, a drawing of a
man, a house, eto that can be moved around the screen. The sub—commards
allow the user not only to draw the sprites and move them, Dbut also
manipulate them so that they are the correct size, shape, eto.

COMMAND IN DETAIL

There are several secondary commands, the first four keing concerned
with drawing, and the last three being optional extensions. They are:

BOX. When this is chosen, a rectangle appears on the screen and the
user is able to change the box with a series of MANIPULATION
SUB-COMMANDS. There are five such commands, shift, scale, shape, skew,
and rotate. They use the rolling ball to shift a sprite, change the
size of 1t, chande the shape of 1it, skew 1it, and rotate 1it,
respectively. By pressing the ‘CENG’ button, the current sub-command is
changed cyclically, ie shift, scale, shape, skew, rotate, shift, scals,
eto, and the name of the current sub-command appears on the VOU. Tts
following operations are possible.

SHIFT. Using the rolling ball, the sprite can be moved on the
soreen.

SCALE. This uses the rolling ball to change the siza «f the sprite.
For a bax, the bottom left cormer remains fixed, so that 1f a sprite
is reduced, 1t will eventually contract into this single point.
‘Reducing’ still further results in the hox re-appearing on the
other side of the single point. Thus, if the box were in the first
quadrant intially, it would be reflected 1into the third. For a
circle, the fized point 1s on the clrcumference, at the middle
right, acd for a set of lines, it is the first point defined by the
user.

SHAPE. This uses the rolling ball to change the size of the sprite
in the y—direction alons, and hence the shaps.

SKEW. A horizontal line through the fixed point does not chande at
any stage during this operation. A horizontal lins above or belcw
the fixed point is moved to the left or right by the rolling ball,
and tha further the lirs is frcm the fixed point, the more it moves.
Thus & box, which is initially a square can be maede into a
parallelogran.

ROTATE. Moving the rolling ball to the right, causes the sprite to
rotate in a alockwise direction about the fixed point.

All the sprites are held in overlay planes 2 and 3 at tils
stage. When, for example a sprite is moved, it is copled frcm place
2 into 3 with the change. A further movement results 1n tke sprite
being written back into plame 2 with the rew change, and §O oOD.
Wben a sprite of the required skape eto is in tke required positicn,
it can be copied into the store chosen with 'OUTFUT PLANE' Ly
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by pressing the ‘INFPUT’ button. The sprite can be further moved or
changed and copled into the output plane by pressing the ‘INPUT’
button again. In this way nmuerocus identical copies, or varying
copies can be written into the output store. Pressing the ‘QUIT’
button completes the process and returns the user to the menu.

CIRCLE. A oircle is displayed on the screen, and all the manipulation
sub-commands described under the BCGX secondary command can be used.

LINES. A sprite or a set of sprites can be drawn with a series of
straight lins segments. The cursor is moved to a sultable starting
point for drawing (this need not be the final resting place for the
point since the sprite can be moved later) and the ‘INFUT’ button
pressed. When the cursor is moved to another point and the ‘INPUT’
button pressed, a straight line is drawn between the two points. This
process cen be repeated for up to 64 points (le 63 line segments). The
VDU displays the number of points used, and the number of points left.
If cne sprite bas been drawn with a few points, a second sprite can be
drawn by moving the cursor to the start of the new sprite and pressing
‘CENG’ to denote a new start. In this way several sprites can be drawn
in a group and the manipulation sub—commands described under BCX above,
operate on the whole group. The fixsd point for the sub-comands is the
first point in the drawing sequence. Normally this is at the start of
the first line. However, if for the first point ‘INPUT’ were pressed,
the cursor then moved and ‘CHNG’ pressed to denote the start of a new
line, then the £fixed point would be invisible and separate from the
sprite itself. If for the first point 'CENG’ were pressed after
‘INPUT’, the cursor then moved and ‘CHNG’ pressed again, then the fixed
point would be separate from the sprite but would be visible. Both of
these examples allow the sprite to be rotated about, or magnified
relative to, any point on the screen.

When the required sprite has beern drawn, ‘QUIT’ 1s pressed to
leave the drawing sequence. It should be noted that the sprites are
only keld in overlay plane 2 or 3 and have not been copled to the ocutput
store at this stage. Having pressed ‘QUIT’ the user can operate all the
manipulation sub-commands on the sprites before using the "INPUT’ button
to copy them into the store as described under BCE.

LAST LINES. This secondary command allows the user to pick up the last
lines that were drawn and use the manipulation sub—commands to charde
them. Note that the commard only picks up the last LINES ard not tke
last BOX or CIRCLE which have to be recreated directly.

AUTO FIIL. A sprite may be filled in imrediately after it is drawn.
For example, if this cammand were specified before using BOX, then when
a box 1s coplied into the output store by pressing ‘INPUT’ it is filled
in at the same level as its bourndary. Therefore, a number of solid
boxes could be drawn on the screenm, and similarly for other shapes. An
open polygon, which could be the result of using LINES, 1s closed Dby
joining the last point to the first, before filling.

AUTO INCR. This commard, which pust be chosen before a drawing commard.
causes the pixel value to increment by one, each time a sprite 1s copled
into the ocutput store. Thus in the example of the serles of solid bcxes
mentioned in AUTO FIIL, each crme would be at a different level. IZ the
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image were then coloured using ‘PIXEL VALUE’ and ‘PIZXEL CCLOUR’ or
‘LINEAR STRETCH’ or the various methods in the ‘Density slice’ chapter,
all the boxes could appear in different colours. Further, ‘Colour
Rotate’ (pl23) would allcw animation to be performed.

AUTO INTERP. As for AUTO FIIL and AUTO INCR, this command must be
chosen before one of the four drawing commands. Considering the example
of the set of filled boxes described above, when the second box has been
copied to the cutput store, GEMSTONE automatically interpolates along
the straight line connecting the first and second sprites. If the user

the lins to be divided into two pieces, there would be a sprite
at the beginning, middle and end of the line. The user is asked for the
number of divisions of the line and this is displayed at the bottom of
the TV screen. Having selected the required number with the rolling
ball, 'INFUT’ is pressed. If the second sprite that the user coples to
the output store is different from the first (ie by using SCALE, SHAPE,
SKEW, or ROTATE) then in this example, the additional box that GEMSTONE
inserts would be interpolated between the boxes at the two ends. A lins
can be divided into a maximum of 258 segments and the interpolation is
performed each time a sprite is copled to the output store.

These three opticnal commends, which if they are required, must be
specified before the drawing commandsg, permit the user to produce a
range of sprites whose shapes change gradually from the first specified
ocne to the next, to the next, eto, with or without £illing, with or
without the pixel level lncreasing from ons to the next, and therefore,
with a little thought beforehand, some very complicated graphics can be

produced quite quickly.

An example of this command is shown in Fig 31 (the lower pair of
axes). A sprite was drawn around the existing x-axis, and then using
‘rotate’ and ‘skew’, the vy-axis was produced. Similarly, the text
'F(y)’ was written 1in the image, a set of sprites were drawn round the
characters which were rotated, skewed, and pesiticned at the end of the
y-axis.

GREY SCALE

SUMMARY

A grey scale of any size can be positicned anywhere on the screen using this

command.
COMMAND IN DETAIL

A box appears on the screen at the top left corner, with an initial size
of 75 1in the x direction ard 90 in the y. It can be moved with tke
rolling ball and after pressing ‘'CHNG’ the size can Dbe altered. Wken
‘INPUT’ 1s pressed, the grey scale or wedge from level O to 283, is
written into the image store specified by ‘CUTPUT PLANE’ ard the user is
returned to tha menu. If the x dimension 1is equal to twice the vy
dimension, or less, the wedge is written in the vertical direction with
black at the top. If the x dimension 1is dreater than twice the Yy
dimension, the wedge 1s writtem in ths x direction with black at tke
left.
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COLOUR PALETTE
SUMMARY
A set of 30 coloured baxes are displayed cn the screen using this ccmmand.
COMMAND IN DETAIL

LV

T

- T

Instead of choosing colours by specifying the red, green and Llue

ts each in the range of O to 255, it is sometimes convenient to
select the colour from a palette. This command puts such a palette on
the screen with a set of 4initial colours, which are given in the
following table. The numbers are the red, green and hlue components in
order, ard the colour descriptions are only given where they are likely
to be consistent. Those colours without a name, can vary duse to
differences between monitors, and also due to the eye judging a colour
differently dependingd on the surrounding colours. This can be
demonstrated simply by changing the colour of one square to the colour
of another. For example, if ths second from right on the top row were
picked (using ‘PIXEL VALUE’ followed the ‘cursor’ secondary command),
and the colour changed to 192,192,128 (using ths ‘PIXEL COLOUR’ command
followed by the ‘mumbers’ secondary command), then the new patch on the
top row would bave exactly the same values as the patch four below 1it,
and yet to the eye, the colours would look quite different. This
example also illustrates how the initlal palette may be easily changed,
thereby permitting the user %o examine how visible one colour is when
placed next to another, or how a set of colours would match.

! l ! | I
| 255,128,255 | 192,128,255 | 128,128,255 | 128,192,255 | 128,255,255 |
| Pale Magental | Pale Blue | | Pale Cyan |
| 1 | I ! {
l I ! i | I
| 285, 0,255 | 128, 0,285 | O, 0,285 1 0,128,255 1 0,255,255 |
| Full Magental { Full Blue | | Full Cyan |
1 ! I ! ! !
| | ! i i I
| 255, 0,128 | 128, 0,128} O, 0,128 1 0,128,128 | 0,255,128 |
! | Dark Magental Dark Blus | Datk Cyan | !
| 1 | ! ! I
I | I | | '
! 265, 0, 01 128, 0, 0! O, O,L, O1I O,228, O1! 0,285, O
| Full Red ! Dark Red | Black | Dark Green | Full Green |
| ! I f l !
| | | | | |
| 255,128,128 | 255,128, O | 128,128,128 | 192,192,128 | 128,255, O !
| Pale Red | Orange | Grey l [ l
| ! I ! ! I
! I 1 1 I !
| 255,255,255 | 255,255,128 | 128,128, O ! 255,255, Q | 128,255,128 |
| Full White | Pale Yellow ! Dark Yellow | Full Yellow | Pale Green |

| 1 ] | !

Table 9 Initial colours of the palette.
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When the command is exsrcised, a box appears on the screen, and it
can be moved by the rolling ball, and its size can be altered after
pressing ‘CENG’. The format of the palette, ie § patches in a row, and
68 rows, remains copstant. Pressing ‘INFUT’ causes the palette to be
written in the desired area of the output store, the IUTs to be
modified, and the user to be returned to the memu. The way in which
this function operates, 1s that the top left patch is written into the

store at level 224, the next patch to the right at 225, and so on
to the bottaom right cornmer which is at 254. The IUTs for all the grey
levels between 224 and 284 are chanded to give the initial colours.

i LINFAR STRETCH

SUMMARY

{ With this command, the user is able to manipulate the contents of the IUTS.

COMMAND IN DETAIL

The principle of operation is as follows. For one locaticn (or address)
in each of the three LUTs, the user chooses red, green and blue values,
which will be the new contents of that location. Three values for red,
green and blue are then inserted in%to another location in the IUT.
Between ths two locations specified, GEMSTONE inserts values in the LUTs
which form three linear ramps fram the first location %o the secornd.
For example, if 255, O, Q (ie full red) were put in location 100 and O,
258, 0 (ie full green) were put in location 103, GEMSTONE would put 170,
85, 0 in location 101, arnd 85, 170, O in location 102. The resulting

" image would bs unchanged from level O to 99 and from 104 to 255. At

level 100, the image would ke full red with the shade changing through
brown-yellow to full green at level 103. A third locatlon in the LUTs
could be chosen and thers would be a linear ramp in the contents from
the second to the third location, and so on. It is often helpful to put
a grey wedge on ths screen using the ‘GREY SCALE’ command to examine the
effect of a particular linear stretch.

The process can be used for a wide variety of contrast stretckes.
A stretch to produce the negative of an image, would simply require 255
in location O, and O in location 255. This command would insert all the
other contents correctly. A plecewise linear contrast stretch could be
produced with the same or different values in the three LUTsS at each
location. This would be like the menual contrast stretch on page 29,
but instead of being restricted to linear or two step linear, multiple
steps could be used. Considering the graphics image of a set of filled
baxes on the screem, if they were drawn at different pixel values, they
could be coloured in progressively. ‘OQLOUR ROTATE’ (pl23) could also
be used to animate the sequence. If the linear stretch were such that
thers was only one non-zero entry in the LUT, then only ore box in tais
example would be visihle at any ome time. ‘COLOUR ROTATE’ would then
cause the boxes to appear in turn to give another type of animation.

The user is first asked for the colour (or the contents of the
LUTs) of the first location to be changed, using either ‘curscr’ or
‘numbers’. For the former, the cursor is put over a suitable colour in
the 1imags. eg in the colour palette. For ‘pumbers’, each comporent is
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varied by the rolling ball with the ‘QUIT’ button beingd used to cycle
round red, green and hlus. The current values of the three components
appear on the screen, and there is a small bar over the component
currently being altered. Once 'INPUT’ has been pressed, the user is
asked for the location (or address) in the LUTs for this set of three
values. There 1s the same cholce again in that ‘cursor’ can be used to
select a pixel value in the image, or ‘numbers’ can be used to choose
the location with the rolling ball, finishingd in elther cese with
-/INFUT’. The colour or contents of the LUTs at tbe second location are
next required and are entered in the same way as the first. (ie If the
‘cursor’ was used for the first set, it will be wused for all sets).
Lastly, the location for the second colour is selected in the same
manner as for the first, and as the location i1s changed, the LUT values
are changed, thereby allowing the user to examine dynamically the effect
of the operation. Third and subsequent contents and locations can e
chosen until ‘QUIT’ is pressed to return the user to the menu.

CQLOUR ROTATE
SUMMARY
This cammand is used to rotate the contents of the LUTS.
COMMAND IN DETAIL

The user is first asked fcr the lower locatiocn in the IUTs for thls
rotation operation. This 4is selected with the rolling hall, the value
being displayed on the screen, and the number is entered with ‘INPUT’.
In the same way the upper limit is entered after which, the process
starts. The contents of the LUTs at the lower lccation are transferred
to the upper location whose contents move to the location ope below, ard
50 on. Thus, using the example in ‘LINEAR STRETCH’ above, the follcwing
shows the first steps in the sequence where 100 and 103 are the two
limits.

Iocation Step O Step 1 Step 2 Step 3
104 104,104,104 104,104,104 104,104,104 104,104,104
103 0,255, O 285, 0, O 170, 85, O 85,170, O
102 85,170, O 0,265, O 255, 0, O 170, 85, O
101 170, 85, O 85,170, O 0,285, O 285, 0, O
100 255, 0, O 170, &5, O 8s,170, O 0,288, O
99 99, 99, 99 29, 99, 99 99, 99, 8 93, 99, 99

The rate at which the LUTs are circulated is controlled by tke
rolling ball. Moving 4t to the right causes the time between steps to
increasa, and vice versa. As pentioned in ‘LINEAR STRETCH’, tils
command is normally used for animation with colour moving through a
sequence of cbjects, or for displaying a sequence of objects in tum.
This rotation of the LUTS is terminated by pressing 'INFPUT’.
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3-D FIZXED

SUMMARY

The result of this operation is an image which 18 a 3-D view of the input
image with distance in the ’2z-axis’ being proportional to the pixel

intensity.

Y

COMMAND IN DETAIL

The first requirement 13 to choose the lnput or source image, which is
selected with the rolling ball and then ‘INPUT’ is pressed. The output
image will appear 1in the store selected with ‘CUTFUT PLANE’, Lut thers
is also an output for the ‘grid’ and the ‘axes’, either of which can be
put into overlay plans 4 1if desired. ‘Axes’ 1s a drawizg cf a box
representing the axes of the 3-D image, and grid is an xy grid laid on
top of the 3-D image to give another impression of the upper surface of
the 3-D abject. The store for the grid is selected and 'INPUT’ pressed,
(or 'QUIT’ is pressed if no grid is required). The same process is
repeated for the axes store. A box them appears on the screen, and it
can be moved over the area of interest in the input image, with the
rolling ball. The size 18 set at 258 by 256. Thls may be reduced if
required by pressing ‘CENG’ and using the rolling ball, Lut it cannot be
increased. Having selected the area and pressed ‘INPUT’, a 3-D view of
the area a8 viewed from the bottom right of the imaga, is writtem into
the output store.

Fig 31 contains two examples of this function. The image at the
top left of the figure was the input image, and the result, sliced, is
shown at the middle left, with the axes and grid clearly visible.

3-D GENERAL

STMMARY

This command is similar to ‘3-D FIXED’ except that ¢there is much more
flexibility in viewing angle and position, but there are no grids or axes.

COMMAND IN DETAIL

Having chosen the dinput store and pressed ‘INPUT’, four viewing
directions, bottom, top, left and right are presented. ‘Bottom’ means
that the observer is viewing from the bottom of the screen. When tke
direction has been selected and ‘INPUT’ pressed, the user is asked for a
view angle from O degrees, which is a view in the plane of the image, up
to 90 degrees, which is a view vertically down on the imsge. 45 degrees
1s suggested, but this can be altered with the rolling ball, and ‘INPUT’
is pressed at the end. A ‘% Scale Height’ is next requested and this
can best be considered for the case where the view argle is O degrees.
If the % scale beight is x%, then a pixel at level I will be shifted in
the z-direction by I times x%. Thus, with the default of 25%, a pixel
with an intensity of 128 would be displaced by 32 places on the screeo.
However. the z-direction does not exist om a 2-D TV screen but 1s
actually up the screen in what 1S normally copsidered as tte
y-direction. The presentation when the view angle is O degrees is
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correct. At other angles, the displacement is still in the vertical
direction, and, although the ixage is now quite distorted, the illusion
of a 3-D image can still be created. When the viewing angle is 90
degrees. same very odd effects can result since points in the 2-D image
within the image, depending on their intensities. When
the scale height has been chosen between 1% and 100%, and /INPUT
pressed, & box appears on the screen. EBoth the position and the size
can be varied with the rolling ball, the latter after pressing ‘CENG',
axd the box is plaoed over the area of interest in the input i.mage
After pressing ‘INPUT’, another boxX appears, representing the area in
the output image :Lnto vhich the 3-D picture is to be written. The
position and size can be changed again, but care should Dbe taken to
ensure that the top of the image in the ‘z-direction’ is not truncated.
Vhen ‘INFUT’ is pressed again, the process starts with the 3-D image
being written into the store specified with ‘OUTPUT PLANE’. It is

5

It is possible to save up to 8 stretches (le 8 sets of the contents of <the
three LUTs), with this command. It 1is exactly the same as the ‘SAVE
STRETCH’ command used in the Contrast Stretch chapter (p3l1), and uses the
same locations to store the informatiom.

COMMAND IN DETAIL

The only secondary command, 1s to name the stretch, fram A to H. These
names are exactly the same as those used in the Contrast Stretch
chapter, so that 1f a stretch was saved as A in that chapter, it would
be overwritten if a stretch were saved as A using this command. If the
LUTs have been modified using ‘PIXEL CCLOUR’, ‘COLOUR PALETTE’, ‘LINEAR
STRETCH’, or ‘CCLOUR ROTATE’, this cammand will hold the IUT contents
which resulted from the operation. One line of comment can be typed cn
the terminal to describe the stretch, and this 1s saved with the
stretch.

RESTCRE STRETCH
SUMMARY

This command allows the user %o restore a previously saved contrast stretch
into the IOUTs.

COMMAND IN DETAIL

The only secondary command is to give the name of the contrast stretch
to be restored. If ‘None’ is specified, the LUTs are set to the unily
transfer function, (ie thers is no contrast stretch applied toO tre
image). Any stretch saved within this chapter or Iin the Contrast
Stretch chapter can be recalled using this commard, axd tkhe descri*:t*ve
text suppl.ied when the stretch was saved, is reproduced cm the VCT.
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Fig 36 The ‘Arithmetio’ page

OO S U

T B e .



P

127
5.10 Arithmetic

In this chapter, arithmetic operations are performed where an image is
treated liks a number. Thus, Just as two mumbers can be added, two images can
be added, where cne pixal is added to the corresponding pixel in ancther image.
The first four commands are very simple and permit the user to add, subtract,
multiply or divide two images and produce acceptable resulis. The rest of the
chapter is concerned with more complicated functions than these four, and with
the evaluation of camplex equations. Since there are no values built into the
general functions to ensure that the resultant images are within the range of
the stcres and formats (eg 8-bit, 16-bit or floating point), the user must

consider the range of the output data when running all Iut the first four
commands.

AD

SUMMARY
One image can be added to another, pixel by pixsl.
COMMAND IN DETAIL

The secondary ccmmands give the area to be added (either the whole
screen or & quadrant), the first store, the store to be added, and tke
store into which the result will be written. V¥When 'INPUT’ is £finally
pressed, the top left pixel of the first image 1s added to the top lef:
pixel of the second image, the result is divided by 2, to keep the
intensity in the range O to 255, and the resultant top left pixel put in
the output store. This process 1s repeated for all the other pizels in
the images.

SUB
SUMMARY

One image can be subtracted from ancther, pixel by pixsl.
COMMAND IN DETAIL

Subtraction is performed in the same way as addition, except that <he
equaticn is

(output store) = (first store) - (second store) + 127.

The reason for adding 127 is to make the results positive, siroe the
system cannot display a pixel baving a negative intemsity. It is still
possible to have a pair of input images which produce a pixel with &
negative number and if this occurs, it 1s repiaced by zero. Equally, it
is possible to have a result greater than 255 in which case it 1s
replaced by 255. For highly uncorrelated images, the user can eitker
accept that negative values are all set to zero, and the larde values
are limited to 255, or apply a contrast stretch to reduce the rarnge of
the input images, or use the full arithmetio operations described belcw.
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MULT
STUMMARY

One image can be multiplied by another image, pizel by pixel.
COMMAND IN DETATL

Multiplication is performed in the same way
result is divided by 258 to keep the cutput
The largest possible output pixel 1s 253 (from one image) times 255
(from the other) divided by this constant 258, giving a result of 285.
If both input images are dull with maximum pixsl values of 128, the
output image will be very dull with a maximm value of 128*128/2S55, ie
64. Images should therefore be stretched to cover the full range O to
258 before using this command.

addition, except that the
thin

as
wi the range 0 to 2855.
3
8,

DIV

SUMMARY
One image can be divided by another, pixel by pixel.
CCMMAND IN DETATL

Division ig performed in the same way e&s addition except that the result
is multiplied by 100. If one image is divided by another which is very

, the answers without scaling will be around 1. The multiplier
gives the resultant image a reasonable range. If a bright image (with
the brightest pixels at 250) were divided by a dark image (with the
brightest pixels at SO) then the result, when multiplied by 100, will
far exceed the 1limit of 255 (250/50 times 100 is 500 in this case).
Piznl valueg greater than 255 ars stored as 2S55. Irages shculd
therefore be stretched to cover the full range O to 255 before using
this cammand.

DEFINE PROGRAM
SUMMARY

Using the wide range of secondary ccmmands described below,  ccmplex
equaticns or progdrams may be constructed.

COMMAND IN DETAIL

This command functions in a similar way to an electronio calculator.
There are two seta of secondary commands, one for the functions and the
other for the operands, ie images, constants. Up to 64 steps can be
used to define a program, but more than one operation can be included in
one step. As the program is being defined, the number of steps left Is
displayed on the VIU.
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To illustrate the similarity with a calculator, consider adding
the contents of store 1 to the contents of store 2, and putting the
answer in store 3. GEMSTUNE sugddests that the first function to select
is ‘load’. This is simllar to entering a number into a calculator. If
‘INPUT’ i3 pressed for ‘load’, GEMSTONE next suggests that an ‘integer
store’ be chosen. If this is selected, the user is asked for a stors
mmber. This is provided by moving the cursor over the store (store 1
in this example) and pressing ‘INFUT’. At this stage, store 1l has been
‘loeded into the caloulator’. The cursor is now back in the function
secondary oommand area, and ‘plus’ can be chosen, Just as the plus
button on a calculator. Having selected this, an operand is required,
and the cursor is positioned over ‘integer store’. If this is selected,
store 2 can be chosen. At this stage, we have specified that store 1 is
to be added to store 2, and all that remains is to chocse & store for
the result. After store 2 is selected with the /INPUT’ Dbutton, the
cursor moves t0 the functioms egain, where ’‘store’ can now be selected,
followed by ’‘integer store’, followed by store 3. Since no more
operations are required, the last function is ‘end’. At this stage, a
program has been defined, to load the ‘calculator’ with the contents of
store 1, add the contents of store 2, and put the result in store 3. To
check that the program has been entered correctly, ‘PRINT FROGRAM’ can
be executed. The calculation can be performed by selecting “EXECUTE’.
All the calculations are performed using the floating point functions of
the host computer to maintain good precision over a wide range. Integer
intensities are comverted to floating point numbers for the calculatiocns
and cooverted back at the end, if required.

Having understood the basio operation of this ‘calculator’, the
operands and functions can be examined in more detail. These are
described below : -

Regl, Reg2, Reg3, Rega, RegS, RegB8. Just as in many ordinary
calculators, this ‘calculator’ bas six working registers or stores.
Regl is the first one normally used, and for many small sums, this may
be the only one used. The current register number is given at tke
bottom left of the television screen. If an equation of the forn
Output = (....... + (ooonee. ), is to be evaluated, the contents of
the first jpair of Ydrackets cen be calculated and the result left in
Regl. Reg2 can then be used for tho scccod pair of brackets (with
‘load’ or ‘Use Reg’ functions), and finally Reg2 can be added to Regl
to give the output. When ‘PRINT PROGRAM’ is executed, it may be
noticed that ‘REGO’ 1s sometimes used. This is another register used
only by GEMSTONE to do intermal calculations and can be considered as
a ‘private’ working register. Further uses of these registers as
stores for intermediate results are illustrated in the examples at the
end of the chapter.

~/

Integer Store. A store pumber will be given after this ccmmazd. It
ths pumber is 1, 2, 3, or 4, the contents are treated as 8-bit integer
intensities and 1f the store pumber is in the range 5 to 20 inclusive,
the contents are treated as 16-bit integer intemsities ie 15 bits axcd
a sign as described on page 7.
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Floating Store. A store number in the range 5 to 20 inclusive, will be
given after this command, aod the contents are treated as intensities
in the floating point format described on page 7.

Constant. The user can set any constant mumber using this command. The
mumber is at the bottom left of the screen anxd can be changed with the
rolling ball. If ‘CENG’ is pressed, a small bar above the mumber can
be moved to the left or right using the rolling ball. VWhen tkhe
TO ball is next used to change the number, only those digits to
the left of the bar are changed. In this way a number camprising many
digits can be input quickly. If the ‘CENG’ button is pressed again,
the rolling ball controls the position of the decimal point so that
decimal numbers can Dbe input. Pressing ‘CHG’ again causes the
rolling ball to control the mumbers again, and so on. The number
under ‘PI’ below, could be entered as 28 followed by cne press of
‘CHNG’ to move the bar two places to the left. After two further
presses of ‘CENG’, the digits 5O can be entered so that 5928 appears
on the screen. This process is repeated until 31415928 413 on the
screen. Having set the digits 31, two presses of ‘CENG’ permit the
user to move the decimal point to the correct positica.

Integer Paramster. When a program is to be run several times with only
a few chandes of parameters, it is coovenient to define the program
with the integer store number(s) being set when the program is
executed. If ‘Integer Parameter’ 15 selected instead of ‘Integer
Store’, a space will be left in the program. Supposing tke contents
of stores 1, 2 and J are to be multiplied by one constant, a proegram
could be defined with the source and result stores being left as
paramatars for insertion at execution. The one program could then be
used to perform all three operations.

Floating Paramster. This is the equivalent of ‘Inteder Parameter’ for
defining floating point stores.

Constant Parameter. This is the equivalent of ‘Integer Parameter’ for
defining the valus of a constant at the time of execution of tie
program. Two examples are given at the end of the chapter.

PI. This is the constant m, equal to 3.1415928....
258. This is simply the number 25S.

Stack! In the example given under Regl, Reg2,...Reg8, om page 129, tle
two registers Regl and Reg? were added at the end. Stack! siaply
takes the current register and the register ope less than the current,
performs the required operaticn (eg ‘plus’ for this example) ard puts
the answer in the register one less than the current. This type of
operation 18 similar to the ‘Reverse Polish’ methods used in some
calculators with stack memories. These six registers do not however
function as a stack. In the previocus example, Regl contained the
results of the first pair of brackets and Reg2 the second. The result
of the simple addition would be placed in Reg2. Selecting ‘Plus’ and
‘Stack!’ would cause Regl to be added to Reg2 and the result put in
Regl, but the stack would not ‘move down’ as in most calculator
memories.
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All the possible functions are as follows :-

Load. This function is used to load a register with an image store, a
constant, or the contents of another register. The first time it is
used, REGl will be locaded. On subsequent occasicns ‘Load’ will
automatically increment the register number. Immediately after the
function ‘Use Reg’, ‘Load’ does not increment.

Store. The contents of the register currently being used can be placed
in an image store.

Use Reg. This enables any of the six registers to e selected.

End. Vhen the program has been completely defined including where the
results are to be stored, this function is used to finish.

Plus. The contents of the ourrent register are added to the next
operand, Dbe 1t a constant, a store, or another register. The result
is put into the current register, overwriting the previocus contents.

Minus. The next operand is subtracted from the current register and tke
previous contents are overwritten.

Times. The current register is multiplied by the next operard,
overwriting the previcus contents.

Div. The ourrent register is divided by the next operand, and
overwrites the previcus contents. If an attempt is made to divide by
zero, zero is changed to approximately 10 tc the power -12.

Xpos. The internsity of a pixel 15 mads equal to its x co—ordinate axd
the result 4is put into the current register, if it has not been used
before (eg if this is the first function), or into the next register
otherwise.

Ypcs. The intensity of a pixel is made equal to its y co-ordirate axnd
the result put into the current register, if it bhas not Dbeen used
before, or into the next reglster otherwise.

Min. The minimum of the current register and the next operand is put
inteo the current register. This 18 very like the Fortran Ilanduage
cammand MIN. If for example, an image is to be limited so that
intensities over 100 are changed to 100, this can be achleved Lv
taking the minimum of the image and the constant, 100.

Max. The maximum of the current register and the next operand is put
into the current register. If for example a 16 bit image i1s to be
limited to positive values cnly, this can be achieved by taking the
maximum of the image and the constant, O.




And. The logical AND of the current register and the next operand is
produced and put into the current register. For the first four
stores, the AND is performed using the 8 bits. PFor the other stores,
18 bits are used if the contents are integers. If the contents ars
floating point numbers, they are converted to 18 bit integers before
the AND function is performed. A simple example of the use of this
function is wbere the least significant 8 bits of a 168 bhit integer
store are to be copled into one of the top four stores. By taking the
AND of ths image and 258 decimal, (ie 11111111 in binary) all hits
except the bottom 8 bits are masked out.

Or. The logical CR of the current register and the next operand is put
into the current register in a similar fashion to ‘And’ above.

Xor. The logical exolusive CR of the current register and the pext
operand is put into the current register in a similar fashion to ‘And’
above. A gimple example of this function is that the exclusive CR of
an image with the constant 255 produces the negative of the image.

»Q. If the value in the current register is positive, the number 1 is
put into the current register. If the value is negative or equal to
zero, the nmmber 0 1is put into the current register. This commard

the basio function required by many decision making processes

u and is illustrated in an example at the end of the chapter.

. The contents of the current register are replaced by their square
roct. If the contents of the register are negative, the ocutput ls set
to zero. This 13 a quick and convenient way of reducing the range of
a 18 bit integer image (in stores 5 to 20), into 8 bits for display in
ong of the first four stores.

Abg. The coontents of the current register are replaced by their
absolute value. 1e any negative signs are removed.

Chng Sign. The sign of the number in the current register is changed.

Random. A random number in the range O to 1 is put into the current
register. To perform this function, the computer olok is read as a
32 bit integer, and the first pixel is produced by adding this integer
shifted 8 bhits to the left, to this integer shifted 8 hits to the

{ right. The second pixal 18 produced by adding the first pixel (in 32

bit form) shifted 8 bits to the left, to the first pixzel shifted 8
bits to the right, and so on for all the other pixels. During the
shifting operations, undefined bits are set to 0. This algoritinm
produces images without visible patterns unlike many other types of

‘random’ number generators, and also produces different images each

time the furction 18 executed, since the starting point, the computer

clock, is changing continucusly.

Sin. The contents of the current register are treated as radiars, acd
replaced by their sins.

Cos. The contents of the current register are treated as radlans, axd
replaced with their cosina.

] '
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Abs2. This function and the next are used to ccnvert from Trectargular
to polar co-ordinates and can therefore be used to convert a camplex
image, where the real part is in one image store and the imaginary
Paxrt is in another, into images of magnitude and phase. This function
produces the magnitude by taking the square of the current register,
adding it to the square of the next operand, and putting the square
root in the current register.

Arg. This 1s the second of the palr of commands mentioned under

‘Abs2’, and gives the argument or phase of a pair of images. The

, angle in radians, whose tangent i1s the next operand divided by the
. current register, is put in the current register. For the inverse
operaticn, the image in the x-direction (real part) is produced by

miltiplying the magnitude image (possibly produced by Abs2), by the

[ ‘Cos’ of the argument or phase image (possibly produced by Arg). The
- y-direction image is made from the magnitude times the ‘Sin’ of the
argument.

( : log. The comtents of the current register are replaced by their
logarithm to the base e. If the current register is zero or negative,
it is set to 0.000001 before taking the log.

]
L‘ Exp. The contents of the ocurrent register are replaced by their
exponential. This function can also be viewed as the antilog of ‘log’
{—‘ above. Raising an image to a fractional power can be dons slmply by
; taking the log, multiplying by the power number, and ¢t the

antilog. The maximum value of this function is exp(80), and any
argument greater than 80 is set to 80.

Int. The contents of the current register are replaced by their
integer part. If 3.14 were 1n the register, this commard would

[ } produce 3.
' Frac. This is the complimentary function to ‘Int’ and replaces the
: current register with 1its fractional part. If 3.14 were in the
b redgister, this ccmmand would produce Q.14.
[ EXECUTE
STMMARY
(

The last program to be defined (with ‘DEFINE FROGRAM’) or ths last prcgran
restored (with ‘RESTCRE FRCGRAM'), 1is executed using this ccmmand. I?
parameters require setting, they will be asked for in tke order in which

they appeared in the program.
FRINT PROGRAN
SUMMARY
The last program to be defined (with 'DEFINE FROGRAM’). or the last prcgran
to be restored (with ‘RESTCRE FROGRAM'), 1is printed using this ccmmand.

Some cutputs from this commard are given in the examples at the exd of the
chapter.
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SAVE PROGRAM
SUMMARY

Up to 8 programs can be saved using this command. One ldne of text can be
typed at the terminal ard saved with the program to ldentify it.

RESTCRE PROGRAM
SUMMARY

Ons ¢f up to 8 previcusly saved programs can be restored for subsequent
execution (with ‘EXECUTE’). The description of the program which the user

previously typed, appears on the VIU.

The following are examples of some of the functions described above, and
they alsc illustrate the use of the registers eto. On the left side of each
e, are the sequences of cammands, comments are given 1n the middle, and on
the right side are the lines given on the VDU when ‘PRINT PROGRAM’ i3 executed.

Example 1. Suppose there are images in stores 1 and 2, and that it 1is
required to meke store 3 equal to (store 1 - store 2)/(store 1 + store 2). This
essentially shows the difference between the two input images and by dividing by
the average, the common intensity variations are removed. For remote sensing
images, this is used to show small differences between two spectral bands, and
remove variaticns dus to differing sun angles, to at least a first
approximation.

Commard Comment *PRINT PROGRAM’

Loed Load the whole of the integer

Integer Store image store 1 into ths calculator.

Whole Screen ‘D1’ is the first store, and ‘WS’

D1 is Whole Screen. REGl: LQAD ST1 WS

Plus Evaluats the dencminator first.

Integer Steore Add the secord store.

L2 REGO is used by GEMSTONE for the REGO: LCAD ST2 WS
calculation. REG1: PLUS REGO

Load Keep the denominator in REG1 for

Integer Store the moment, and load the first

D1 numerator store. Note that ‘Load’ REG2: LCAD ST1 WS
increments the register number.

Minus Subtract the second store.

teger Imsge Store
2 REGQ: LOAD ST2 WS

REG2: MINUS REGO
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Div Divide the numerator by the

REG1 denaminator in REGI. REG2: DIV BY REG1
Times The range of the data must e

Constant adjusted. If the average value of

(200, Rolling Ball) each image was 100, and the max REG2: TIMES 200
Plus difference was 100, then the valus

Constant of the result would be about

(128, Rolling Ball) + or - (100)/(100+100), ie + 1/2. REGR: PLUS 128
Multiplying by 200 and adding
128 gives a good range and no
negative values, respectively.

Store

Integer Store Put the result in store 3 and

3 finish. Note that the current REG2: STCRE ST3 WS
End register is stored. END

This program 1s a very small one, taking only 8 steps cut of the possible
64. Consider now two variations, ome that the numerator is evaluated first, and
the second that the maximum difference between the two ilmages is not known and
therefore the multiplier (which was 200) cannoct be specified. If on executing
with a multiplier, the resultant image has a poor range because there is little
spread or there is considerable saturation, the program can easily be run again
with another valus for the multiplier. The program 1s essentially the same to
‘Div’ except that the numerator is in REGl and the denominator 1s in REG2, which
is stil] the current register, as before. From immediately before ‘Div’, tke
program would be as follows.

Command Comment ‘PRINT PROGRAM’
Use éeg If the current register (REG2)

Regl were divided by REGl, as above, the

Div inverse would be produced. These

REG2 commands correct this. REG1: DIV BEY REG2
Times Since the multiplier is not known

Constant Parameter in advanca, it is left as a number REGl: TIMES PARAMETER
Plus to be specified at execution.
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Example 2. A wide variety of graphics images can be generated with the
tools within this package. The top left image in Fig 31 was generated using the
equation given on page 88, 1le

Output image = 64.(2-cosu{Xpos-1} -~ cosn{512-Ypos} ) .
P

IL The following sequence of commands is ome way of producing the result.

f Command Comment ’PRINT PROGRANM'
Xpos The argument of the first cosine REG1: XPOS 15
4 Minus 1s evaluated.
Constant ]
(1, Rolling Ball) REG1l: MINUS 1 !
v Note the use of the system
L 288 supplied constants, 255 and PI. REGL1: DIV BY 255
Times 5
PI REGL: TIMES 3.142
Cos Take the cosine of the argument, REGL: COS
Chng Sign and take it away from 2. REG1: CHNG SIGN D
Plus .
Constant :
(2) REG1: PLUS 2 }
Ypos Repeat for the second cosins. REG2: YPOS :
Chng Sign REG2: CENG SIGN
Plus a
Constant
(512) REG2: PLUS 512
v
258 REG2: DIV BY 2855 a
Times
? PI REG2: TIMES 3.142
Cos REG2: COS 'K
Use Reg The total is being accumulated in
Regl Regl. Change to Regl arnd subtract :
| Reg2 REG1l: MINUS REG2
Times Multiply by the constant to £111 K
Constant the range, ard store the result. :
(64) REG1l: TDMES 64
Store
Integer Store
1 Whole Screen
D1 REG1l: STCRE ST1 WS
End D




L &)

. Lode s

137

Example 3. Suppose it is required to generate an image of a ‘(sin t)/t’
pattern in two dimensions, centred in the middle of the screen and having about
four rings arocund the central peak. The problem can be split into two parts,
the evaluation of (sin t)/t, and the evaluation of t. It should be noted that
when t approaches O, the valus of the function is 1. EHowever, since (sin t) and
t are evaluated separately in GEMSTONE, the function would reduce to 0/0 and
thus be indsterminate. All that is required is to limit t to a number close to
but not equal to zero. If :

t = sqri( (x-255.99)**2 + (y-256)**2) / 10, where **2 means to the power 2,

then (sin t)/t would be centred, and have 4 cycles of 2n. The maximum value of
the function is 1.0, and the minimm is -0.21723. A program to produce this
image is given below.

Command Comment ‘PRINT PROGRAM’

Ipos load Xpos and centre 1t. REG1: XPOS

Minmus

Constant

(255.99) REGl: MINUS 255.990

Load Copy Regl into Red? and multiply

Regl them to produce the squars. REG2: IOAD REG1
Use Reg

Regl

Times

Reg?2 REG1l: TIMES REG2

Ypos Repeat for Ypos. Nots that Reg2 REG2: YPOS
Minus is overwritten by Ypos by the

Constant autamatic incrementing of the

(256) current register, which was Regl. REG2: MINUS 256
load

Reg2 REG3: IQAD REG2
Use Reg

Regz

Times

Regd REG2: TIMES REG3

Plus Add the two parts togdether.

Regl REG2: PLUS REG1
Sqrt Take the square root. REG2: SGRT

Div

Constant At this stage, ’'t’ has been

(10 evaluated. REG2: DIV BY 10
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Load Since ‘t’ is used in two places
Reg2 it is copied into Regd. REG3: LOAD REG2
Sin Take the sine of RegS. REG3: SIN
Div
Reg2 Divids (sin t) by t. REG3: DIV REG2
Plus By adding 0.22, all the negative
Constant values are removed. ’
(0.22) REG3: PLUS 0.220
Times By multiplying by 209, the nmumber
Constant 1.22 (maximum value = 1.0 + 0.22)

(209) becomes 2585. REG3: TIMES 209
Store Put the result in store 4.
Integer Store
Whole Screen
D4 REG3: STCRE ST4 WS
Erd END

The image at the top right of Fig 39 was produced by this method. It will
be noticed that the mumber of the Current register has been increasing as the
program has developed. This 18 generally unimportant in a small prcgram such asg
this with only 12 steps out of the €64 possible. In this example, ‘x squared’
was held in Regl, and ‘y squared’ 1n Reg2. When they were added, Reg2 could
bave been added to Regl with ‘Use Reg’, ‘Regl’, ‘Plus’ and ‘Reg2’. By this
means, Reg? would be made avallable again. As it was, ‘X squared’ was left in
Regl and was not used again. Alternatively, the Stack! command could be used
when REG2 18 the current register. Instead of ‘Plus’ and ‘Regl’ in the example,
‘Plus’ and ‘Stack!’ would add Regl to Reg2 and put the result in Regl. For a
larger program, this example illustrates that it is worthwhile planning how ths
sum is to be evaluated, and how ths registers are to be used.

Example 4. This last example shows how a simple conditional step can be
rade in a non-linear filter. Assume that the image to be filtered (image R) is
in store 1 and that store 2 contains an average (image S). The principle of
this non-linear filter 1is that if a pixel is within a small rande of intensity
of the local average, it should be kept, or if it 1s outside this range, it
should be 7replaced by the local average. Such a filter could be used in a
similar way to ‘MEDIAN SMOOTH’ in ‘Maths Operations’ (pS8), to remove noise
spikes In an image. ‘SMOOTH’ in the Maths Operations (described on p47) can be
used to produce the average quickly with for example a 3 by 3 filter giving an
average which incldes the middle pixel. If only the 8 neighbours and not the
centre pixsl, are to be used, a filter with a zero in the oentre and 8 ornes
rourd the neighbouring locations could be produced using ‘Linear Filters’.
There is thus great flexibility in producing the ’‘average’.
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performed.
Command

'

R . o
”

Load
Integer Store
¥hole Screen
Dl
y Minus

: Integer Store

£
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Regl

Chng Sign
Plus

Constant

@))

Times

Integer Store
o)1

——

o D

Use Reg
H Regl
g Times
Integer Store
8]

g .'I

Plus
J Reg2
Store
Integer Store
03
Exd

let Q=0 (C Abs (R-S) - x)
is the function described on page 132.
between R and S is greater than the parameter ‘x’, the valus of Qis 1.
4' difference is less than or

ocutput image is R(1 - Q) + S.Q, the non-linear

Comment

The ‘average’ image is subtracted
from the original. ie R-S.

Q is calculated pext.

This is ‘x’ in the equation above.

A copy of ‘Q’ 1s left in Regl.
R(1-Q) is evaluated first.

Q times S is now found.

The two parts are added and the
result put in store 3.

r

This problem can be split into two parts, namely finding
significantly different from S, and then producing ths output

to ‘x’, the value of Q is 0.

if image R 1is
image of pieces of

If the absolute difference

“PRINT PROGRAN’

REG1

REG1:
REGL:

REG1:
REGl:

REGO:
REG1:

REG1:

REG1:

END

¢ IOAD ST1 WS

¢ LOAD ST2 WS
MINUS REGO

ABS

>0

: LOAD REG1
: CENG SIGN

cPLUS 1

¢ LOAD ST1
: TIMES REGO

10AD ST2
TIMES REGO

PIUS REG2

STCRE STT WS

This program of only 12 steps can be run with a series of differen
parameters ‘x’, to vary the effect of the filter.

If tke
Finally, if the
filtering operation will be

MINUS PARAMETER
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§.11 Special

This chapter is concerned with manipulations of the display stores and
overlay plares, in ways which enable the bhuman eye to position images
accurately, observe sequences Of imades, copy images, rotate images, overlay
grids, and interpret uncorrelated sets of images.

PLANE FLICX
SUMMARY

This command allows the user to flick quickly from one imsge to ancther, ¢o
move ocne image relative to the other, and t0 measure the displacement
accurately.

COMMAND IN DETAIL

The only two secondary comands specify the first and second stores to
be used in the flicking operation. After pressing ’‘INPUT’ for each
store, a hlack and white image from the first store is displayed,
followed by a B/W image from the second, then back to the first and so
on. If the rolling ball is moved or ome of the four cursor control
buttons is pressed, the second image is moved relative to the first.
When the image is zoomed, more precise movements may be made, as fine as
one eighth of a pixel at a zoam of 8 times. By this means, one picture
can be compared with another, and in particular, one area in the second
image can be correlated by eye with a reference area in the first. When
the ’'INPUT’ button is pressed to terminate the command, the displacement
of the second image relative to the first is displayed on the VDU. If
the pixel displacement is positive, the second image was positiomed to
the right of the first, and if the line displacement is positive, the
second image was below the first.

¥hen moving the second imasge relative to the first, if 'CENG’ is
pressed, both images can be moved together. Thus when zZoomed, an area
which is outside the screen, can be moved into the display area. If the
‘MODE’ button 18 pressed so that the light is extinguished to signify
mode 1, the rolling ball can be used to control the flick rate from one
image to the other. Initially, one image 1s displayed for 1/50 seccrd,
and then ths other for 1/50 second, eto. This is the fastest possible
rats.

PLANE SEQUENCE
SUMMARY
A sequence of stores can be specified and displayed in turn at a variabdle

rate. VWhen the last store has Dbeen displayed, the sequence can either
reverse direction, or start again from the beginning.
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CCMMAND IN LCETATL

All that is required for this commard is to specify the image planes or
overlay planes in the order in which they are to be displayed. EHaving
specified the first cnme, the user has the optlon of displaying the whole
image, or a quadrant. Assuming the former option, all that is neces

is to specify the other planes in the sequence, finishing with ‘End’.
The display sequence then cammences from the first to the last, followed
by the first again, eto. The rolling ball controls the rate at which
the planes are displayed. If the ‘CANG’ button is pressed, the sequence
is from the first to the last and then from the last to the first with
the rolling ball controlling the rate. Thus 1f the first three stores
had been selected in that order, initlally the sequence would be,
1-2-3-1-2-3-1-2... and after pressing ‘CANG’ the sequence would bse,
1-2-3-3-2-1-1-2...

This command can ke used to lock at a sequence of 4 full images in
a8 GEMS system with 4 image planes. If the ‘Part Screen’ option is
chosen, then only & quadrant of the image plane will be displayed at
each step. There 1s an automatio zoom by two 50 that the quadrant fills
the screen. Thus a sequence of four plotures each of 266 pixsls and 256
lines, could be put into an image store, and the display sequence could
oycle around the four sub-images in the one store. Using all four

stores would permit the display of 18 sub-images in a sequence.

Pinally, for those systems which have 1024 by 1024 pixsl stores,
there 18 a further option of ‘Small’ or ‘large’. For ‘Small’, only the
top left 512 pixel square 13 used, whereas for ‘large’, tha whole store
is displayed. Thus ‘Part Screen’ followed by ‘Small’ would result in
quadrants of the 512 square image being displayed, and ‘Part Screen’
followed by ‘large’ would result in quadrants of the 1024 square image
being displayed.

The process is stopped by pressing ‘INPUT’.

SUMMARY

This command allows the user to copy the whole of a store to 1itself or to
another store. A quadrant of oms stors may be copied to another quadrant in
the same store, or to another store. Iaversions and rotations during the
copy process are also possible.

COMMAND IN LDETAIL

The user is first asked to select one of seven possible operaticns to be
performed during the copy process. ‘Normal’ results in a straight copy
with no processing. ‘Top Bottom’ causes the top line to be -eplaced by
the bottom lina, aeto in the output image. This is the same as f£lipping
the image about a horizontal line through the centre. ‘Left Right’
causes the rightmost column to be replaced by the leftmest columm, eto.
This is the same as flipping the image about a vertical lins through the
centre. ‘Rotate 180 Deg’ results in an cutput image rotated through 180
degrees about its mid point. ‘Rotate 90 Deg’ results in an cutput ilmage
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vhich is rotated through 90 degrees in an anticlockwise direction, about
its mid point. ‘Rotate -80 Deg’ is the same but with a rotation in the
alockwise direction. Finally, ‘Transpose’ eswaps the x ad vy
co-ordinates. This is the same as flipping the image about the leading
diagonal, ie the line from the top left to the bottom right.

Having chosen the processing to be performed, the input store is
selected, and the area specified (ié the whole area or one of the four
quadrants). The result store is next selected (together with the
quadrant, if the whole area was not selected for the input store).
Finally, for systems with 1024 pixsl square stores, ‘Small’ can be
selected for 512 pixel square images, or ‘large’ for the full 1024 pixel
square images. The operation is performed by pressing ‘INPUT’.

ROTATE
SUMMARY

This command allows the wuser to select an area from one image and copy a
rotated version to the same or to another store.

COMMAND IN DETATL

The first two commands specify the ilnput ard result stores. Two bozes
are put on the screen, but since they overlap, they appear as coe.
Initially, the rolling ball controls the position of the centre of the
area in the ocutput store, into which the copy 1s to be made, and one of
the boxes on the screen, representing this area, moves with the rolling
ball. After pressing ‘CENG’, the rolling ball controls the size of the
area in the cutput store, into which the the copy is to Dbe made, and
both boxes on the screen change accordingly. Pressing ‘CENG’ again
permits the user to move the centre of the area to be copled from the
input store, and after the final ‘CHNG’, the box representing this area
can be rotated. On the VDU, there are a few words to inform the user of
the function of the rolling ball at each step, and the rotaticn angle in
degrees. The ’‘CHNG’ buttcn operates in a cyclic menner =21lowing tke
perameters to be changed again, if required. When 'INPUT' 1s pressed,
the area in ths input store defined by the box, is copled and rotated
into the defined area in the output store. Nearest neighbour resampling
is used to produce the result.

CRAW GRID
STUMMARY

A rtectangular grid can be put 1into overlay plane 3, to assist in the
location of points or areas. There are no secorndary commands, and the grid
is produced on a S50 pizel/line spacing if the 1mage has not been
geometrically transformed. Fcr a transformed image, the pixzel/line stacing
is chosen to give about 10 lines in each directicn. ard reasonable nurbers
along the axzes.
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RGB TO INT EHUE SAT

SUMMARY

This command performs the transformation from RGB to a representation in
intensity, hue and saturation co-ordinates.

CCMMAND IN CETAIL

Although the receptors in the human eye are sensitive to red, green, and
blue, the brain processes this information and the human would
describe a colour in terms of red, greem, and Dblue, but in terms of
intensity (or brightomess), hue (or colour), and saturation (or whether
it is a strong colour or a pale colour). For example, an area of colour
on the TV screen with the red, green and blue camponents set at 200, 200
and 100 respectively, would be described as fairly bright, yellow and
slightly pale, rather than in terms of the primary colours. What is
more, the human can determine intensity reasonably well irrespective of
colour and saturation, colour moderately well irrespective of intemsity
and saturation, and saturation with some difficulty. Thus if three sets
of information are presented to the human in terms of intensity, bus and
saturation, the human mind can separate them. In GEMS, 1f three stores
contain uncorrelated data, (eg the first three images of a principal
components analysis, or three images of one area taken in the visible,
thermal infra-red, and microwave regions of the spectrum), and the first
image is used to control the intensity of the final display on the TV
soreen, the second the colour, and the third the saturation, the human
can separate the three sets of information (ie uncorrelated data remain
reasonahly uncorrelated to the human). Displaying the stores directly
in red, green and blue, mixes the informaticn as far as the human is
concerned, and such a scens may be described as garish, confusing, or
uninterpretable. The examples below show these effects. It should be
noted that the visual spatial resolution is good in terms of Iintensity,
moderate for colour, and poor for saturation. Therefore, if the three
GEMS stores contain images having different spatial resolutions, or
‘quality’ (eg noise, stripicg, eto), ¢the highest resolution, highest
‘quality’ image shculd control the intensity, the next the hue, and the
pcorest the saturation.

The TV screen has red, green, and hlue phosphors, and sO cannot
display intensity, hue and saturation directly. Thus, given three
stores which are to be displayed as intensity, bhue and saturation, a
transformation must be performed, to produce three new images of the
red, green, and blue components, so that they can be displayed om the
TV. This operation is performed by ¢the next command. The current
command performs the inverse transformation, and the commands are often
used as a pair as shown in the examples.

In the particular algorithm in GEMSTONE which 18 used for the
transformation, it 18 reasonable to meke the intensity, I, the sum of
the three componentd, R,G,B. Sinoe each camponent can have a value of
up to 255, ‘I’ could be cut of the range of the 8 bit store. EHence,

I - (R+G+B) / 3.

-
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For hue, consider this diagram G
where the RGB axes are shown
inside a triangle with the
origin in the middle, and the
maxima at the apexes of the
triangle. As an example, ths
colour with RGB camponents
200,125,850 is shown at C,
vhich is the median of the
triangle formed by thess
camponents. If a line is
drawn from tkhe origin, O,

th.roughtb.epo:!.nt C, it cuts
at H. The

positionofﬂisindepemient
of I as defined above. If
the bourdary has a linear
scale with O at the top of
thes R axis, 85 at the top of
the G axis, 170 at ths top
of the B axis, and 255 at
the top of the R axis again,
a number can be given to every possible colour within the RGB triangle.

Fram simple geometry, it turns out that ths hue (H) is,

E = G-B_ .85 B-R__ .85 + 85 R-G_ .85 + 170
3(I-B) 3(I-R) 3(I-G)

for colours between | red and green | green and blue | blue and red

Despite the fact that the equation is defined in three parts, it
i1s coatinucus at the boundaries. For & monochrome image,  the
denominators are all zero and the equations are indeterminate. Since
the saturation 4is also O, it does not matter which number 1s chesen for
hue, and so 1t is set to zero.

Turning to saturation, ccnsider a cclour between red and green, i
there i1s no blus component at all, then the colour cannot be made any
stronger, and the saturation is set to 255. In the diagram above, &s
the blue component terds towards the origin, the colour, C, terds
towards the RG boundary. When the blue component is zero, it cannot be
reduced further, and hence the colour, C, is at maximum saturatica. As
the colour, C, is moved <to the crigin, the saturation reduces, tc 0.
The equation used in GEMSTCNE for saturation (S) 1is :

S = I-B . 2S5 I-R . 255 I-G . 285
I I I
for colours between red and green green and blue | blue ard red
The inverses of these operations are given by the equaticros,

R-I(1+25 - SH), G=I(1-_S + _SE) B=1I(l-_S).
255 85.85 255 85.85 255
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It should be noted that whereas the transformaticn to IES has 1o
scaling prablems, it 1s possible €0 exceed the range of an 8 bit store
doing the inverse operation. For example, the hright red colour with
RGB camponents 255,0,0 would bhave IHS camponents of 85,0,258. If the
intensity image, containing the 88, were stretched so that the 85 became
170, then the inverse transformation would result in RGB components of
510,0,0, which 1s outside the 8-bit range. The 510 would in fact be
truncated to 255, the maximum valus. In general, the user should check
i1f the histograms of the RGB ccmponents resulting from the IHS to RGB
transformation, show significant saturation, and if so, the intensity
image should Dbe contrast stretched to reduce the maximum value, and the
transformation repeated.

The ideas above are illustrated in the following examples. Ths
colour ploture at the top left of Fig 38 shows a region near Bosherten
in Wales, taken by an airborne scanner system. The pixel size is about
2m. To the right and below this picture are the images of intensity,
hue and saturation. Whereas the intensity image locks reasonable, the
hue image looks odd until it is noticed that the brightest parts
correspond to areas in the original which are blue-red, and that the
datkest parts are red-green in the original, eto. The saturation imagde
is also difficult to relate to the original. EHere the brightest parts
are the most saturated. Thusg the river is highly saturated, which is
difficult to see in the original, becauss the intensity is so low.

As a first example, it may be considered that the false colour
campesite has a restricted range of colours. Thers are certainly no
shades of green, and a histogram of the hue image showing some well
separated peaks confirms this. If the bhue image is stretched using
‘AUTO EQUALISE’ in the contrast strstch chapter (ses p28), then all
colours became equally likely. Cn -performing the IES to RGB
transformation using this stretched bhue image, the more colourful
plcture at tha bottom left of Fig 38 results. If it is now considered
that the colours in this picture are weak, the saturation image can be
stretched (using ‘AUTO LINEAR’ or ‘MANUAL’ in the contrast stretch
chapter). The resulting picture after the IHS to RGB transformation,
displayed at the middle bottom of Fig 38, shows a wide range of strong
colours. This example demonstrates an alterzative way of stretching an
image to make it more colourful or attractive, and also more matched to
the eye and brain, thereby maximising the information transfer to the
human. By carefully choosing the contrast stretch function,
particularly for the hue image, a wide range of colour images cen be
produced, including ones with colour biases, ones with particular ranges
of colour expanded, and as shown in the next example, ores with certain
colours axcluded.
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The second example shows how uncorrelated images can be merged
more effectively using IES techniques. At the top right of Fig 38 is a
thermal infra-red image of the region, with the bright parts
corresponding to areas which are hot, or have high surface emissivities,
or both. Replacing the red ocmponent of the false colour camposite with
the thermal image results in the plcture at the middle right. Some
bright red areas are obviocusly ‘hot’, but elsewhere, it is difficult to
determine the ‘temperatures’, 8inoce the intensity of the red camponent
in a colour cannot easily be seen. By replacing the hue image with the
thermal image, and setting the saturation image to a oonstant value of
200 throughout, the IHS to RGB transformation ylelds the image at tkhe
bottom right. The information from the false colour oomposite is
clearly seen as intensity, and the thermal informatiom is clearly seen
in different colours. Since red is normally considered hot and bius
oold, a stretch was applied to the thermal image ©before the
transformation. A linear stretch, with 255 being mapped to O and O
being mapped to 170 ensured that the bright parts of the thermal imagde
would be red in the final image, the dark parts would be blue, and the
mid-grey parts would be green. This stretch also resulted in therse
being no values between 170 and 255, (ie between blus and red), since
this would confuse the ‘temperature’ scals.

The last example at the top of Pig 39, shows a principal
components image displayed first as RGB and secondly as IHS. EHaving
decorrelated the three bands in the false colour coamposite by ths
principal components process, the RGB presentation mixes up the data
again, as far as the human is concerned. The THS presentation attempts
to preserve the decorrelation, with intensity showing the {irst
component, hue the second, and saturation the third, although it is very
difficult to see the saturation information. There is generally
considerable noise in the third band of a principal components analysis,
and hence it 1s convenient to display this band as saturatiom, to which
the human is least sensitive.

Ons further example not illustrated here concerns the combinaticn
of images with different spatlial resolutions. Since the eye is most
sensitive to intensity variations, the highest resclution imagery should
be used to control the dintemnsity. For example, the Spot satellite
produces a single band image with 10m pixels and a three band image with
20m pixels. Starting with <the three band image magnified to give 1Om
pixels, (note that this mathematical process does not change the
inherent ‘resolution’) the three bands are transformed to the IES
representation. The intensity image is then replaced by the single band
high resolution image and the inverse transform is performed.  Whereas
the original colour image had 20m resoluticn, this new image appears to
be a colour image with 1Cm resolution. Other sets of images of
different resolutions may be combined in a similar way to give high
resolution colour pictures. The low resclution images must be processed
to have the same pixel size, orientation, eto before the comversion to
IHS representation.

All that is required for this command, is to specify the three
source stores holding the red, green, and blue bands, whether the whole
screen or a quadrant is to be used, and the result stores for the
intensity, hue and saturation images.
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INT HUE SAT TO RGB

SUMMARY

This command performs the transformation from intensity, hue, and
saturation, to RGB co—ordinates.

COMMAND IN DETAIL :

This command is the inverse of the ‘RGB TO INT HUE SAT’ command and uses
the equations described above. All that 1s required, is to specify the
three input stores holding the intensity, hue, and saturation images,
whether the whole screen or a quadrant is to be used, and the result
stores for the red, green and blue images. Care should be taken to
ensure that the results are within the 8-bit range of the stores, as
described above.

STEREO PAIR

SUMMARY

Using this command, one image can be converted into a stereo pair of images,
the displacements in the stereo images being controlled by a separate

‘height’ imaga.
CCMMAND IN DETAIL

If the user were t0 hold a pencil in front of one eye pointed directly
at the eye, then with the other eye shut, the top of the pencil would
appear to lie directly over the bottom of the pencil. This would be the
plan view, or the non-stereo image. If the pencil were pointed at <ths
nose, then, to the left eye, the top of the pencil would appear to be
displaced to the right of the bottom and vice versa for the right eye.
The amount of the displacement is proportional to the ‘height’ of the
pencil. At the mid point of the pencil, the displacement would only be
half that at the top. This principle can be applied to produce a stereo
pair of images from & single ons. If there is information about the
beight at all points within the image, then a ‘high’ pixel can be moved
to the right for the left eye and vice versa for the right eye. The
‘higher’ the pixel, the further the displacement. In a lins of 512
pixels, there will be places where a number of pixels are apparently
squeezed together, and other places where they are pulled apart. This
lira of 512 Iirregularly spaced pixels 1s resampled using Dnearest
neighbour interpolation to produce a line of 512 regularly spaced
pixels. In GEMSTONE, height is represented on a scale of O to 255. A
pixel at height O is moved in neither stereo image. A pixel at height 8
is moved one place to the right for the left eye but the image for the
right eye 1s unaltered. It is not until the height has reached 24 that
the image for the right eye is moved ome place to the left. At 16 more
units of height, the image for the left eye is displaced cne more step
to the right. This process repeats with pixels in alternate Iimades
being displaced until the maximum height is reached. There are 16 steprs
in this displacement process, and therefore 16 height levels in the
stereo pair. The number of levels is a compromise between giving a good
visual height resolution and not distorting the image too much.

4.
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A digital terrain model (DIM), is a set of point measurements of
height on a regular grid. This is exactly like a digital image, the
only difference being that the pixel value is a measure of the average
height of the area covered by the pixel. If the regular grid of points
in the DIM corresponds exactly to the pixel spacing in the 4image, then
the DIM can be used to control the gemeration of the stereo pair.

At the top right of Fig 39 is ‘a computer generated DIM of a
mountain. It is in faot the image of the sino function described in
example 3 in the arithmetio chapter. The brightest parts of the image
represent the highest points of the mountain. It is a conical hill with
rings round it. Density slicing shows the contours. ‘TRANSECT GRAPH’
in the contrast stretch chapter would illustrate the side wview of the
hill, and the 3-D routines in the text and graphics chapter would show
more general views. This mountain, which is centred on the circular
feature in the aircraft scanner image, has been used to control the
generation of the stereo pair of images shown in the middle of Fig UI8.
Many users will be able to see the stereo effect in the two B/W images
without the aid of a stereoscope, simply by holding the photograph at &
comfortable distance, locking at a Iright feature in one of the two
images, and allowing the eyes to relax as though locking at an abject at
infinity. The two images will fuse and after some effort to refocus,
the stereo effect should become apparent. A sterecscope could be used
for the same effect. In the case of the colour picture at the middle
right, one of the stereo pair of images is in red, axd the other in
green. The distortion from one image to ancther is obvicus. If this
image is viewed through colcured spectacles, with a red filter over the
left eye and a green ope over the right, a stereo effect should again be
seen. Stereoscopy 1s possible directly on the TV screen using the red
and green guns only, and the coloured spectacles, but for the separate
images, photcgraphio products would have to be mads.

It is not necessary to use real height information to comtrol the
generation of the stereo pair. The thermal image taken by the aircraft
scanner for example, could bs used to produce an image where the
apparent height is a measure of ‘temperature’. This is shown in the
pair of pictures at the bottam left of Fig 39. It also shows that
stereo pictures can be made in colour. There are some fairly sharp
boundaries between light and dark areas in the thermal image. This
would correspond to very steep (unrealistic) slopes being observed in
the stereo pair, and in fact the example shown is difficult to interpret
in places. If the thermal image is smoothed quite severely, the steep
slopes are removed, and & much more Iinterpretable palr of images
results. These are shown at the bottom right in red and dreen. This
1llustration with a thermal image controlling height is simply an
example of using ome, generally uncorrelated Zmage to control the height
information. It 1S an example of another way of displaying uncorrelated
images in such a way that the human can still see them uncorrelated.

The inputs required for this command are the source image, whether
the whole screen or a quadrant is to be used, the control image and the
two stores for the results.
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5.12 FPourier Transforms

¥ithin this chapter, the user can produce Fourier transforms (FT) of
imagesg, perform a range of manipulations in the transform space, and then
verform the inverse Fourler transform. It is assumed that the user is familiar
with the theory and so only a summary is provided below. This summary only
addresses those aspects directly applicable: to GEMSTONE, and is far from
rigorous.

Considering first the continuous Fourier transform in ones dimensicon, 1let
£f(X) be a continucus function of a real variable, X. The Fourier transform of
f(X), denoted by F(U), is given by the equationm,

+0

F(UO) = S £(X) . exp(—pUX) . &X

-0

where p = 2.1.1, 1 being the square root of -1. The inverse Fouriler transform is

400

£(X) - E} ( P(U) . exp(pUx) . dU

Whether £(X) is a real or complex function, F(U) is generally complex, and can
be written in the form,

F(U) = R(T) + 1.I(0)

In GEMSTONE, the Fourier transform produces a real image (ie R(U)) in one store,
and an imaginary image (le I(U)) in anocther. An alternative way of representing
F(U) is in the form of magnitude and phase, where,

F(U) = IF(O)I . exp(14(T)).
IF(T)1 4is the square root of ( R(U).R(T) + I(U).IC(TU) )
and ¢(U) is the phase angle whose tangent is I(U)/R(T).

U 4is often called the frequency variable. IF(0)) is known as the Fourier
spectrum of f(X) and in GEMSTONE, the image of this function is extremely useful
for examining the spectral content of an image. In gereral, it is virtually
impossible for the human to interpret the phase image.

Digital images are not continuous functions, but discrete samplings of the
real world into pizels. Still considering one dimension, 1t 1s assumed that
there 1is a finite number of samples, N, and that the sampling is performed at
regular intervals with a spacing of x. Thus the sample points are at ox, where
n can have values of O, 1, 2, .... N-1. The Fourier transform of the N samples
is defined to be

N-1
F(O) =~ 1/N E f(nx) . exp(-punx)
n=0

The form of this is similar to the continucus case described above.

—_— ) 0 oo I o G oo
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However, F(U) is still a continuous function, providing problems for a ccmputer.
In the same way that £(X) is sampled, the transformed function can be sampled at
U = ku, for k=0, 1, 2, ... N-1, withu = 1/(Xx). Substituting for u in tke
equation above gives the discrete Fourier transform (DFT),

F(lu) = 1/N & f(nx) . exp(-pkn/N) for k =0, 1, ... N-1. |
-0 ’

If k is replaced k+N, the value of the right side of the equation remains the
same. Therefore F(ku) = P((k+N)u), etc, and so the IFT is cyclic with period N.
The inverse transform is also cyclic implying that f(nx) is cyclic, ie it thas
defined values in the range n=-0 to n=N-1, which are repeated in the intervals
n=N to 2N-1, n=2N tc IN-1, etc, and n=N to -1 ete. This assumption of tte
perlodicity of the input functiocn bhas effects that will be explored later.

To compute the DFT requires N operations (one complex multiplication axd
addition) for each value of k. For the N values of k there are N.N cperations,
and as N increases, the calculation becomes impractically large. The fast
Fourier transform (FFT) overcomes this problem as follows. If N = 2.X, then

2M-1 .
Flku) = 1/2M E £(nx) . exp(-pkn/24)
o

M-1 M-1
- 12} f(2nx).exp(-plv¥) + 1/2M ) . £((2n+r1)x).exp(-pav/M) . exp(-pk/2X)
=0 n=0

Substituting k+M for k, shows that F((k+M)u) is

M1, =
- 1/24 L_-(_)‘ f(2ox) .exp(-pkn/M) - 1/24 ﬁ £((2n+1)x).exp(-pkn/M) . exp(-gk/2X)
I o=~

It should be notliced that this last equation is the same as the previous, arart
from one sign chenge. Thus, if F(0) 1is calculated, F(M) can be found Iy
subtracting the two summations, and similarly for F(l), F(2), etec. The
calculation effort has been approximately halved. It should also be noticed
that the form of each summation is the same as the IFT above except that each
summation is over M ( = N/2 ) terms. If M is not a prime number, each summaticn
in this last equation can be further divided, <thereby furtkher decreasing <the
effort. Most implementations of the FFT on computers require N to be & pcwer cf
2, 50 that this process of subdividing can be repeated until there is only cce
term in the summation, ie no summaticn at all. For GEMSTONE, N = 286 or 512 iz
each dimension. The calcuwlation is reduced from a large number of complex
multiplications ard additions to a few such operations plus & great deal of
re-organisation of the original data and partial results, so that the multitucde
of terms are added ard subtracted correctly to give F(ku) for all values of k.
This sequence of adding and subtracting terms is called a ‘butterfly’. It caxz
be shown that, whereas there are N.N operations in the DFT, there are N.1log2(N)
operations in the FFT, whers log2 is log to the base 2. For N = 286, N.X¥ =
65,536 and N.log2(N) = 2048, so that the FFT is 32 tizmes faster. This dces oot
iaclude the extra time required to re-organise thke date in the FFT, bus
nevertheless there are still considerable savings. For an 1image of 5l2.512
elements, the differerce in time should be greater than 1CCO.
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The DFT can ke extended to 2 dimensions, (x, y) in real space, ard (u, V)
in transformed space, S0 that

N-1 N-1
F(kxu,lv) = 1 .E E f(ax,my) . (-p(im+1m)/N)
N.N n=0 m=0 = PP

and the inverse transform is

N-1, N-1 ‘
£(nx,my) = g %___d'r'(ku,lv) . exp(p(kn+1m)/N)

A square array has Dbeen assumed in GEMSTONE. It should be noted that tke
summations can be separated and two 1-D transforms can be performed. Thus

F(ku,lv) = 1/N gF(nx,lv) . exp(~-pkn/N)
n=0

N-1
where F(ox,1v) = 1/N D  £(ox,my) . exp(-plw/N)
m=Q

In summary, GEMSTONE performs a& 2-D Fourler transform on arrays of 256 or 612
plxels square, by separating the problem into two 1-D transforms as above, ard
performing the two sequential FFTs as cutlined earlier.

The following examples demonstrate the operation of the Fourier transform
on some simple functioms.

Example 1 : f(nx) =~ A, a constant.
N-1

F(ku) = 1/ND A . exp(-pka/N)
n=0

N-1
- a/N)_ cos(an.lawN) - 1i.sin(2m.kn/N)] since exp(iZ) = cos(2)+i.sin(2)
n=0

O for k # Q, because the sum of equispaced samples of a sirce or
cosine gver a complete cycle is zero.

N-1
A/N 2 cos(Q) + 1.81n(0) = A for k=0.
n=0

Thus, 1f the input function is a constant, the FT has only one non-zero value at
F(0), equal to the constant. More generally, it can be shown that F(O) is the
average valus of the input function.

~
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Example 2 : £(nx) = A.cos(2m/N), £(ox)
as shown in the diagram. “\ ~
F(lu) = 1i/N E:A.cos(zz.n/u) . exp(~pa/N) \ -2
n=0 \/
N-1

N-1
=~ A/N 5 {cos(2m.n/N).cos(2u.kn/N) - i.cos(2m.n/N).sin(2x.kn/N)}
n=0

-A S] {cos(2m.n(1+k)/N)+cos(2a.0(1-k)/N) - i.sin(2x.n(l+k)/N)+i.sin(2x.n(1-k) /M)
PALEERT
=0 for k # 1 or k # -1, by the same argument as above.
A/2 fork = 1or k - -1.
The magnitude, as defined earlier, is A/2, with the 1PCxu)i
phase equal to zero. The diagram of the magnitude s

is shown at the right. Note that F(0) is zero, — /2
confirming that the average value of f(nx) is zero.

A similar calculation for A.sin(2m.n/N) would -N 0 N-1
give the answer, F(-1) = 1.A/2 and F(1) = -i.A/2,
F being zero for all other values of k. The amplitude
is still A/2 as for the cosine, but the phase is now n/2.

Example 3 : £(zx) = A.cos(2m.2n/N), £(nx)
as shown in the diagram. 1

By the same process as used in example 2, \ /\ [

the reader can verify that a
F(ku) =0 for k + 2 ard k # -2

F(2u) = A/2 N-1
F(-2u) = A/2

The diagram of the DFT of this function is IF(ku)t

shewn at the right. It is the same as in '

example 2 except that the spikes have moved A’ —A/2

to k = 2 ard -2. , l l

This process could be repeated for functions PN SR S
with more cycles within the interval O to N-1 -N C N-1

up to the maximum frequency of N/2. At this

maximum frequency, the function 1s positive

at one sampling point, negative at the next point, positive at the next, etc,
ard all points have the same amplitude. If a function with just over N/2 cycles
were sampled at N points, it could not be differentiated from a function with
just less than N/2 cycles. This phencmencn is called aliasing, ard for GEMS
users it should not be a problem, provided the creators of the origizal Ixmagde
data have performed the reasonable operation of limiting the bexdwidth of tke
input function before sampling.
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The conclusions from these examples are that a constant function is
transformed to & spike at 2zero and a sinusoid is transformed into a pair of
spikes whose distance from the origin is proportional to the Ifrequency of tke
sinusoid. For a complicated input function, the FT will produce an output of
many spikes at many frequencles with the amplitude of each spike being a measure
of how much of each frequency is in the input function. By manipulating the
transformed function, certain frequencies ‘can be enbanced, reduced, or even
removed. This will be shown later.

Befors considering examples of simple images in GEMS, it 1s necessary to
introduce one mors property of the IFT. For a real function f(kx), the complex
conjugate of F(-ku) is equal to F(kxu). This can be shown by taking the complex
conjugate of the IFT equation for a real input function, and substituting -k for
k. It follows that IF(-ku)l 1is equal to !F(ku)! which is apparent in the
diagrams of IF(ku)l above. With this and the previous property that the FT is
periodic with period N, the full transformed space for a single sinuscid is :

IFP(ku) )
"

IR

-2N -N 0] N-1 aN-1

In——-&—"l

The region denoted by ‘a’ is all that is required to describe the whole space.
This property of using N/2 samples in the ¢transformed space (for real input
functions only) vrather than all N is used in GEMSTONE to save computing time.
This last diagram also provides a graphical explanation of aliasing. In the
region ‘a’, there 15 one spike which moves to the right as the frequency
increases. Unforturately, at the same time, the spike to the left of N-1 moves
to the left. When the frequency exceeds, N/2, this latter spike enters tke
region ‘a’ gilving erronecus answers.

Extending thesa considerations 1 N
to two dimensions, consider an N by N 1
image (N = 256 or 512 in GEMS), *
containirg the abjects * ard »
A diagram of the image which would >
appear con the GEMS screen 1s shown
here. N

Tre assumption of symmeiry
means that this N by N image g
is only one of an Infinity
of copies, ard the input imagde
to the DOFT is actually that
illustrated on the right. >




As has been shown, the ocutput from
a IFT in 1-D is an infinite line
made from copies of a line segment
which is Nx long. The extension to
2-D 1s 1llustrated here, where the
space has been divided into an
infinite number of N by N bozes.

The DFT of a sinusoid, is
essentlally a spike.

The 2-D version of this is

a spot in the plane as shown
here and illustrated later in
example 6. The intensity of the
spot 1s proportiocnal to the
amplitude of the spiks.

Because of the periodicity of
the IFT, ie for 2-D,

F(ku,lv) = F((x+Nu, (1+N)v)
.there are an infinite number

of spots in the transform plane
as shown here.

Of course, GEMS cannot display
an infinite plane. A single

N by N box contains all ths
information for all possible
inputs including caomplex ones
such as synthetic aperture
radar images.

For the case of a real imagdse,
which is the type that most
users are likely to harndle,
the extra condition that

the complex conjugate of
F(-ku,~lv) is equal to
F(ku,lv), duplicates all the
points in the transform plans
as shown herse.

There are now two redundant spots

within the N by N square. Thus only

half the square need be calculated
acd displayed. In GEMSTONE the
top half has been chesen.

’/‘\
Origin : — " Increasing
Zero frequency . frequency
I
i
Increasing - ' .___l
frequency
Origin ——=~
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Many presentations of the magnitude of a
DFT have the zero frequency in the middle. S mee ,
This can be achieved by shifting the . ; i
N by N box as shown by the dotted line - ‘
in this diagram. Starting from the . . * .
!
!

previous display of half a squarse, ,
GEMSTONE can recreate the missing
half, ard re-order the information .
to produce this display. -

! J
i [
| . .
Ezample 4 : An image of a sine wave 1s shown in Fig 40(a). It was
generated with the Arithmetic packagde, using the equation,
Intensity = 127 . { sin(m.(xpos-1)/8) + 1}
There are exactly 16 cycles in the 256 pixel wide image. The DFT (Fig 40(b)),
has a bright spot (enlarged for clarity) at the origin indicating a non-zero
average for the input lmage, and ome other bright spot (also enlarged) down the
ku exis, indicaeting a single frequency in the input imege in the nx direction.
This ic analogous to the 1-D versions given earlier, in examples 2 and 3. It
may be considered that the DIFT exes arse the wrong way round, but they are quite
arbitrary, and with this arrangement, the process runs at meximum speed.

Example 5 : This 1s 1ike example 4 but the sine wave 1s in the other
direction, as shown in Fig 40(c). The equation used was,
Intensity = 127 . { sin(m.(ypos-1)/32) + 1}
The DFT of this image (Fig 40(d)) also has a spot at the origin and this time a
spot on the lv axls, because the wave was in the my direction. It is closer to
the origin than was the case in example 4, as the frequency is lower.

Example 6 : A combination of examples 4 acd 5 with the equationm,
Intensity = 127 . { sin(m.([zpos-1]/8 + [ypos-1]1/32) + 1}
results in an image of a sine wave at an angle to the axes (Fig 40(e)). The LFT
(Fig 40(£)) shows one spot at the origin ard ancther in the plare ard not on an
axls. Considering a spot in the transform plane as corresponding to a sine wave
in a particular direction in the original image is very important in filtering
operations. To further help the user, there is a command in GEMSTONE (‘DISPLAY
WAVELENGTH') which, when given a point in the transform plans, will draw two
lines as adjacent crescents of a sins wave at the correct orlentaticmn.

Example 7 : All the examples of sine waves s0 far have had periocds which
are sub-multiples of 256. Therefore, the displayed image fits smoothly with the
next copy of the image in the infinite space that has been assumed. When tke
reriod is not a sub-multiple of 256, there is a discontinuity or sharp edge.
Edges produce a wide range of frequencles, ard this effect is shown using the
image in Fig 40(g) where the sins wave from example 5 has had ‘32’ changed to
‘31’. In the transform image in Fig 40(h), many spots are visible, (again, the
top line has been copied to the next two for clarity) corresponding to the many
frequencies denerated oy these edges. It is not that thess are errors, (the
inverse transform will reproduce the input image correctly), but the user should
be aware of them when filtering. If, for excmple, the high frequencies are
removed by a emoothing filter then, on performing the inverse transformaticn,
not only will the sharp edges within the body of the image be remcved, rut there
will be odd effects at the boundaries of the image. These effects are
irevitable, btut will be limited <to the region close to thke bcundary, and tie
user should ensure that his area of interest does not approach this boundary.
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Having outlined the theory, and the display of the magnitude of the
transforms, some uses of the FT are now demonstrated with the aid of the

following examples.

Fig 41(a) is part of the Welsh scene introduced on page 146. Suppcse it
is required to apply & smoothing f£ilter to it. The first operation is to
perform the ‘FCRWARD TRANSFORM’ which produces a real erd an imaginary image as
described at the start of this chapter. With the command ‘MAGNITUDE PEASE’,
these two imeges can be comverted into a magnitude image which can be stored in
one of the display stores, (amd a phase image, if required). The magnitude
image in Fig 41(b) has the origin (zero frequency in both directions) at the top
left. Immediately below this in Fig 41(d) is the re-ordered megnitude image
with the origin at the centre. This was created using ‘ADJUST TRANSFORM' .
Features such as dense clusters in the magnitude image can be identified with
objects in the original image. For example, the cluster forming the line A-A
consists of many frequencies in one direction. Many frequencies suggests a
sharp edge, and a cluster of reasonable intensity suggests quite a major feature
in the original image. With the command ‘DISPLAY WAVELENGTH' the Cursor Cen be
put over any part of the cluster, to determine the direction of a major edge.
In this case, 1t was found that the hridge at ‘A’ in the original image (Fig
41(0)) was in the direction indicated by the oluster A-A. Similarly, the
cluster in the line B-B was associated with the road at ‘B’, and the cluster G-C
with the field boundaries and road at the places labelled ‘C’. The cluster
lines D-D ard E-E ars associated with defects in the image. At the bottom right
corner of the original, there are some dark vertical lines which are artefacts
of the imaging system. These correspond to the lines E-E. D-D is associated
with a horizontael line structure gemerated by the imaging system and this is
virtually invisible to the eye. In images where there is a false structure,
which is disturbing for the human, or for a classification process, ete, this
Structure can be removed with little damage to the rest of the image. Thue
methed is illustrated later.

The basic idea behind filtering, using Fourier transforms, is that having
rensformed the image into the frequency domain, parts of thess frequency images
can be brightened (le multiplied, or stretched, etc) so that on performing tte
inverse transform, these frequencies will be enharnced. The picture in Fig 41(f)
has two sectors of a circle, at level 2C0, fading gently into a background at
level S50. Multiplying the real and imagipary transformed images by this
pPicture, using ‘MULTIPLY TRANSFORMS’ will mean that the low frequencies are
multiplied by 200 and the high ones by only 50. The high frequencles axe
therefore reduced by a factor of 4 relative to the low omes. This picture of a
filter, was rproduced using ‘DESIGN FILTER’, and tkhe position of the sectors of
tke circle was set with the aid of the magnitude image (Fig 41(b)). Woen tke
modisled real ard imaginary images were transformed back, using ‘BACIHARD
TRANSFCRM’ (dividing by 2C0 in the process), the low frequencies remaized
unchanged. This can be seen in Fig 41(e). Eowever, the high frequercies,
multiplied by only SO in the transformed space, ard divided by 200 during +tre
inverse tr:nsformation, bave been reduced by a factor of 4. Thus the skarp
edges have been partially smoothed. Note that ‘200’ was chosen sizply S0 that
tie filter image could ke seen. Any number could khave been chesen provided tkhat
the sare npumber was used during the inverse transform. Since flcating roint
forrat ratber than fixed integer format is used for all these calculatiors,
there ars no overflcw prablems.
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A similar operation was performed for an edge erhancement filter skeown in
Fig 42(b), where the background is at level 200 arnd close to the origin is at
level 50. The number SO was used again in the inverse transform which resulied
in an image which kept the low frequencies constant, but enhanced the high ores,
thereby sharpening the edges as can be seen in the imege in Fig 42(a).

Both of these simple examples could have been performed using the commarnds
within ‘Linear Filters’. VWhere this method excels over convolutional filtering,
is in the ease with which highly specific filters can be constructed.  Suprose
it is required to remove the rocad labelled ‘B’ in Fig 41(c). Since a very

ic cluster, B-B in the transform space (Fig 41(d)), is assoclated with the
road, a filter for this can be created, as shown in Fig 42(d), where the dark
part is at level O. On mltiplying the real arnd imaginary lmages by this
filter, ths frequencies associated with the road are completely removed. —Tke
inverse transform results in the image in Fig 42(c), where little trace of the
road remains. Notice that the bridge, which also has sharp edges in almost the
same direction remains with just a llttle reduction in contrast. A practical
convolution filter is unlikely to be so selective. This technique can also be
used to remove systematic nolse from an image. If there 1s a line structure in
the imagde, such as ‘handing’ from a linescan detector system, i1t can be
identified 4in the transformed images, and removed almost completely with little
damage to the rest of the scens. It must be noted that if part of the image has
a structure very close to that which is to be removed, it will be removed as
well. THowever, as illustrated kere with the road and the bridge, very little
information need be lost, if the filter is designed carefully.

It has just been shown how selective a ‘smoothing’ filter can Dbe made.
Equally, edge enbancement filters can be constructed, ard for example, 1f the
dark part in Fig 42(d) wers lighter than the background it would enhance edges
over & very small angle. Thus the road could be enhanced without affecting the
bridge. It should be noted however, that in the same way that the rcad was so
effectively removed, for edge enhancement, ‘non-existent’ edges can be created.
If a highly selective edge enhancement filter were applied to a random image the
human eye would probebly see edges in it. The more highly tuned the filter, the
greater the chance of the eye being deceived into ‘seeing’ non—existent edges.
This is particularly important in such applications as the use of remcte sersing
images for examining geological structure. When such filters are used, they
should also be applied to random images to give the user an impression of the
likelihood of false edges.
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The last application cutlined in this chapter is ‘inverse filtering’. A
severe smoothing filter consisting cf 32 welights, of value ore, in a horizontal
line, was applied to the image of Fig 41(a) using the 'SMOOTE’ commard in tke
‘Maths Operations’ chapter. The results are displayed in Fig 42(e). This
process simulates horizontal motion blurring. Let the original image be £, with
Fourier transform F, the filter (or disturbing function) be h (with FT, E) azd
the final image be ¢ (with FT, G). Thenm,

g = £ *n1, ( £ convolved with h ).
and using a further property of Fourier transforms,
G - F.H ( P multiplied by H ).

If we wish %0 recover the origiral image, £, it could be found from the inverse
transform of F, which is simply, G/H. All that is requited is to determine BZ.

If an image, r (with FT, R) of a single point is smocthed with the same
line filter, to produce an imege s (with FT, S), then,

S = R.H
Since S and R are known, H can be found and substituted in the equation for F,

le F = @/
= (G.R)/S (see page 175 for the actual equation).

There are, however, prahlems, since 1f the function S 1s ever zers, the equaticn
breaks down. In this example, the disturbing functicn, h, 15 a rectangular
window, the FT of which is a sinc functicn. Unless the window is only cone pixel
wide, this sinc function will have zero values in the transformed plane, within
the box defimed Dby u,v 1n ths rarnge -N/2 to +N/2. With 32 elements in tie
smoothing filter, H cbviously has many zerces ard so will S. S can also Dbecome
zero 1f there i1s noise in the system, arnd so for hoth these reascorns, the
equation for F is modified to,

F = (G.R)/(S+a)

where a is a small constant fixed by trial ard error. The imege in Fig 42(e)
was transformed to give G, the transform of an image of a spot gdave R, ard tke
transform of the smcoothed spot gave S. The constant ‘a’ was given a value of 10
to the power -9, and tha equation was evaluated using the ccommands ‘MULTIFLY
TRANSFORMS’ ard ‘DIVIDE TRANSFCRMS’. Reasonable reconstruction is evident iz
the output image in Fig 42(f), which shows the ccmprcmise between recovering trte
fine detail (by having a very small value of ‘a’), and suppressing astefacts
such as the ghosts of the very strong f{eatures. As the valus of ‘a’ is
increased, the image looks more liks Fig 42(e), arnd the artefacts ears reduced.

Generally, the disturbing function, h, is not known. If there is lirear
motion blurring, then a reasonable guess can be made of the blurring functica,
ard the process above undertaken ta try to recover the image. It is however a
trial ecd error operation, but by using as much other information as possinle
(eg the speed of the vehicle acd the shutter speed of the camera, etc) and scxe
inspiration, reasonable reconstructions are possiblas. Otker disturbircg
functions which are amerable to this treatment are, blurring dus to izcorrect
fccus, ard blurring due to the imagding system 1ltself.
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It is assumed in these reconstruction prccesses that the image is lirear,
ie the number representing the intensity is proporticral to the incident light
on the imaging system. For & photographic film, the ‘gamma’ of the film may not
be unity, in which case the density on the film is not proportiormal <o the
intensity of the 1light which falls on it. Equally, the response of the
digitiser may not be linear. All of the steps in the chain from the origirnal
scene to the digital image should be examined for non-linearities, and these
should be removed using the commands in ths ‘Arithmetic’ chapter. It may be
possible to record the image of a grey step wedge using the same imaging systenm,
in which case the non-linearities introduced by all parts of the system can be
measured at once. Rather than using the Arithmetio package to remove the
non-linearities, a IUT can be set up with the 'LINEAR STRETCH’ commard in ‘Text
and Graphics’, with cne entry in the IOT for each step in ths step wedge. Thus
each step in the recorded wedge would ke replaced with the valus in the original
scens.

One final point to note 1s that in the reconstruction process, artefacts
can propagate from the edges, 1e the places of sharp discontinuities. Scme
effort spent in remcving thess edges i1s well worthwhile. In the example in Fig
42, the 256 square image was reflected about the right hand edge making a 512
pizel, 256 line lmage. The image was then moved 128 pixels to the right, with
the rightmost 128 pixels copled to the left side. Therefore, the original imagde
was moved to the middle of the screen, with continuous edges to the right and
left. When thse reccnstruction was performed, the artefacts were not only
decreased, but since they reduce with increasing distance from the edges of the
image, and the extreme left and right 128 pixel sectlons were redundant, most of
the artefacts were removed from the final 256 square image.

Completing this section on convolution, it has been stated that if
£ = g*h then F - G.E

and it can also be shown that if
f = g.nh then P = G*H

There is a similar pair of relationships for correlatiom, where, 1£ ‘o
represents correlation, and E’ means the complex conjugate, then if

f =~ goh, F = G.E
and if
f = g.h then P = GoH

The comrand ‘CCRRELATE TRANSFCRMS’ multiplies one transform by the complex
conjugate of the other, thereby giving the correlation of two images wken
transformed backwards.

o
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FORWARD TRANSFCRM
SUMMARY

Operation of this command produces the discrets Fourier transform using the
FFT method cutlined earlier in this chapter.

COMMAND I DETAIL

The first secondary command concerns the type of transform. In most
cases a real input image will be transformed into a complex ome. For
images such as those fram a synthetio aperture radar which are in the
camplex form with the real part in one store, and the imagirary part in
another, the complex image can be transformed into ancther ccmplex
image. The transform, camplex to real, ls unlikely to be used at this
stage.

For the next secondary command, most real images will Dbe in
integer format, specified by ‘Integer’, although it is possible to have
real imeges in flcating point format, specified by ‘Flcating’. Complex
images are more likely to be in flcating point format. When the input
format has been given, the next commard specifies the ocutput format.
This could simply be integer, by choosing ‘Linear’, but the wide range
in the data in ths transformed image makes this generally unsuitable.
It is normally better to store the ocutput in ’'Limear Flcating’ roint
format. If an image of the magnituds only is required, it can be
produced directly using the ‘Magnitude’ opticm, but will result in an
integer image having the same problem with the wide range of tke data.
If the logaritkm of the megnitude i1s produced, by selecting 'Icg
Magnitude’, it will have a much compressed range, which can be held :n
one of the display stores. The low level frequencies can be seen in the
samg image as a high level one. The preciseg algorithm used in this
J(.oga.rj).thmio campression 1s described under the command ‘MAGNITUDE PEASE’

pL?G).

All that remains is to specify which store(s) contain the input
image(s), ard where the results are to be placed. For a real inrut
image, there is only ore store, and for a complex ome there are two. A
whole screen can be selected, or any of the four quadrants. It is worth
repembering that a Fourler transform takes scme time to calculate, ard
it may be advisable to use quadrants at least initially. Trhere is a
factor of about 6 in time between prccessing a quadrant ecd a full
screen. It should be remembered that if a complex image is produced iz
floating point format, (as is generally tke case), then tha cutput must
be held in the working stores. When working with quadrants, 1t will ke
fourd convenient to store the real output in a quadrant of cre working
store, and the imagipary cutput in the same quadrant in tke next store.
Other ccmmands which use the cutput of this cammand, suggest that this
is the arrangement for their input.

Most users who simply have an integer image in ome cf the tcg
stores, will find that 1if they follcw all the defaults, the correct
result will be produced provided it is put into the working (ie
non-display) stores.
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BACZWARD TRANSFORM
SUMMARY
This command is the inverse of the previous command.
COMMAND IN CETAIL

The same set of secondary commands are used here as in ‘FCRWARD
TRANSFORM’. Briefly, these specify the type of transform, (gererally
‘Camplex to Real’, occasionally ‘Complex to Camplex’ but never ‘Real o
Complex’), the format of the input image (gemerally ‘Floating’), the
format of the cutput image (gemerally ‘Linear’), the source store(s) ard
the result store(s). The only additional secondary comrmand is the
option to divide the output intensity by a number, called ‘Cutput

‘. In the examples on filtering descrired earlier, the
transformed images were multiplied, one by 200 and the other by 50. If
these images were transformed beck directly, the intensities would be
greater than 2855. This command can ke used to remove such multiplying
factors.

If, as an exercise, an integer image were transformed forwards by
the previcus command, it could be transformed backwards using this
command with the value ‘1’ as the output scaling, to reproduce the
original. Only the default options would be used.

ADJUST TRANSFCRM
SUMMARY

For a real input image, the standard form of the output frem the command
"MAGNITUDE PHASE’, covers only half of the plare, with the origin at the top
left. If the full plare with the origin at the centre is required, this
command can be used to re-arrange the image.

COMMAND IN DETAIL

There are six secondary commands allowing a variety of possible
Te—arrandements, not only for images created in this ‘Fourier Transform’
chapter, but also for images in gereral. The function of the first
option 'Half Rotate X’ 1s best illustrated using the following example
on ope line of an imags.

Original lirne : A
Half Rctated line : E

q

C DEVFGE

G E A BCD

This command performs the rotation for half a  revolution. TwO
applications of this operation would reproduce the original image. For
the function ‘Half Rotate X ard Y’, the rotation is performed in both
the ¥ arnd Y directions. This results in the top left corner of the
origiral image baing placed in the ocentre of tha output imege, which is
exactly what 18 required to put the origin in the middle of the plans
for magnitude ard phase images which cover the whole plare, (le created
from complex input images). Far a real input image, GEMSTONE does not
calculate the bottcom balf of the complex transformed image.
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The cammand ‘Reflect Top’ will reproduce the bottom bhalf of the
magnitude image correctly, and ‘Invert Reflect’ dces the same reflection
but also inverts the image intensity (le subtracts it frem 255) es
required for the phase imasge, remembering that F(u,v) is equal to tke
complex conjugate of F(-u,-v). It should be noted that the reflection
is not about the horizontal axis, but about the centre point. Thus tre
top left of the image is copled to the bottom right.

‘Reflect Top Half Rotate’ combines the operations of reflecting
the top and rotating in both the X and ¥ axes. It will taks the half
plane of magnitude data, reproduce the bottom, and move the origin to
the centre, as was illustrated in the conversion of Fig 41(b) into Fig
41(d). ’‘Invert Ref Half Rotate’ does the same operation but inverts the
intensity upon reflection, as required for the phase imags.

All that is required for operation of this command is to chose cre
of the six manipulations, specify the input store and quadrant, and the
output store and quadrant.

DISPFLAY WAVELENGTH
SUMMARY

This command provides visual assistance in the Iinterpretation of tke
magnitude imags.

COMMAND IN DETATL

Once the store and quadrant (or whole screen) containing the magnitude
image have been specified, the cursor appears on the screen together
with a pair of parallel lines. If the cursor is moved over a spct in
the magnitude image, the parallel lizes will indicate the direction of
the sine wave in the original image, correspording to the spot in the
magnitude image. The gparallel lines indicate eadjacent crests for this
sine wave ard hence give the wavelength. VWhere <ths user wishes to
identify a distracting line structure, such as banding in the image this
command can be used to locate the frequencles associated with the
structurs, so that a filter can be designed specifically to remove it.
Similarly, faint lines can be identified so that a specific edge
enhancement filter can be designed.

MULTIPLY TRANSFCRMS
SUMMARY
This command enahles real and complex images to be multiplied together.
COMMAND IN DETAIL
Basically, one complex image can be multiplied by another. If tke
imaginary part of either image does not exist, then simply pressitg the
‘QUIT’ button informs GEMSTONE that it is missing. In this way a Teal

image can be multiplied by a real, a real by a camplex, or a ccmplex by
a complex.
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Up to four input stores are required for the real ard iragirary
parts of the first and second images. For each store, the storse number
mst be given, the quadrant (or whole screen) and whether the contents
of the stors are in ‘Integer’ or ‘Floating’ point format. After the
first store is chosen tkere 1s one extra option to specify ’‘Top Half’ or
‘All Image’. The former is used for the transformed versions of real
input images where only bhalf the cutput plare is calculated, ard the
latter for the transformed versions of complex images, or for general
complex multiplications of images. Two output stores are required to
hold the results, and as before, the store numbers, the quadrants, ard
the formats must be specifiled.

CORRELATE TRANSFCRMS
SUMMARY

This command is exactly the same as ‘MULTIPLY TRANSICRMS' except that ore
complex image is multiplied by the complex conjugate of the other. The main
use of this operation is to permit the correlation of two images, as
outlined in the introcductory text.

DIVIDE TRANSFORMS
SUMMARY

Using this command, a real image can be divided by another real image, a
real by a complex, a complex by .a real, or a camplex by a complex.

COMMAND IN DETATIL

If A and B are two complex images, ard B’ is the the complex conjugate
of B, then the divisicn equation is,

a
Adivided by B = (A .B )/ (B.B +10)

The term B . B’ appears because it is not possihle to divide by a
complex number directly, acd the constant term at the end, ensures that
the denominator is never equal to zero. The user 18 invited to speciiy
the term ‘a’, and the number ‘-3’ is suggested, (ie the constant 1is
0.CO1). It is most unlikely that this exponent would he positive, sirce
gererally it would dominate in the dencminator. EHaving the constant &s
a power of 10 permits a wide range of numbers to be gilven easily. Iz
more resolution than a power of 10 is required, fractional pcwers can be
given as shown 4in the following table, where tbe top line is the pcwer
of 10 ard the bottom line is the actual number:

Power (a) : -3.0 -2.7 -2.5 -2.4 -2.3 -2.2 -2.1 -2.0
Number : .001 .002 .CO3 .CO4 .00S .CO8 .CO8 .01

The exact numbers ard pewers can be fourd using a calculator.
The inputs required for this ccimard are as for ‘MULTIPLY

TRANSFCRMS’ namely up to four input stores and two cutput stores, but
with the addition of specifying the exporent ‘a’.




178
MAGNITUZE PHASE
SUMMARY

The command ‘FCRWARD TRANSFORM‘, produces a complex image, and it is then
often necessary to examing the magnitude image. This command produces the
magnitude and phase images from a complex one.

COMMAND IN DETATL

The store containing the real part of the complex transformed image is
first given, together with the quadrant (or whole screen). As was
stated earlier, if a reel input imeage is transformed, only half of the
output plane is calculated, whereas for a complex input image, the whole
output plane must be determined. The next secondary command specifies
whether ‘Top Half’ is to be used, for real input images, or ‘All TImage’
for camplex input images. Whether the contents of the store containing
the real part, are in ‘Integer’ or ‘Floating’ point format is given
next. Similarly, the store containing the imeginary part of the
transformed image, 1s specified together with the format. There are two
output imades, one for the magnituds Information, and one for the phase,
and these should be put into the display stores. If the phase image is
not required, (es is generally the case), it can be cmitted by pressircg
the ‘QUIT’ button when asked for the store for the phase image.

Before considering the next secondary ccmmand, the rangde of the
magnitude data needs to be examined. For an 8 bit integer input imege,
the maxizuxz velua of the IFT occurs at F(0,0), when every pixel in the
input image is at level 255. This can be verified by substituting the
constant 255 for ‘£’ in the equation for the LFT. The minimm value
(other than zero) is when there is only ome occurence of a single
discrete frequency. From the equation of the IFT, it can be seen <that
this value is 1/N.N, where N is 258 for a quadrant image or 512 for a
full image, and so the minimum value of the DFT 4is 1/512.512 e
1/262,144. Since the maximum is 255, the total possible dynamic rarnge
15 66,848,720 : 1, far too much for an integer store, be it 8 or 16
bits. The range 1s greater for a 18 Dbit integer input, since the
maximum positive number 1s 32,767, and {inally for a floating point
input the range 18 even greater. Although, by choosing 'Magnituds’ a
linear cutput of the magnitude can ke produced, it 1is not generally
advisable recsuss of thls range prcblem.

The other possible form of cutput 1s ‘Log Magnitude’, arnd the
equation used for this is,

2 38 0.5
logmag = scale . ln{ (mag) .2 + 1}
where mag stands for magnitude, and 1n is the natural logarithm. The
mintmum valus for the magnitude for an 8 bit integer image is 1/512.512,
which exactly cancels the term 2 to the pcower 36, giving

Log mag = scale . 1n(l.414) = 4 (rournded) i£ scale = 12.
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Equally, substituting the mazimum value (255) gives lcg mag = 216, using
the same default scale factor of 12. This algdorithm therefore copes
well with the rangde, and even for the case of a 16 bit integer inrut
image, the scale factor has cnly to e reduced to 1l to give & maxtizum
log mag of 252. Finally, the term ‘+1’ in the equation emsures that if
nothing of ocme frequency exists, the value of ILog mag 1s zero. The
option ‘log Magnitude’ will therefore normally be chosen, in which case
the scale factor needs to Dbe fizxed. The default value of 12 is
generally suitable. It 1is possible to use the contrast stretch
facilities in the ‘Contrast Stretch, Histograms, Intensities’ chapter to
examins this magnitude image in more detail.

The phase information ls stored such that a pixel with a phase
angle of zero will have an intensity of zero. The intensity increases
linearly with rphases angle, until almost 380 degrees (actually
360.255/256) when the intensity is 285. Ore other use of this commard
is to prcduce a special image for the ‘STREICH FOR PHASE’ command below,
for which, both the magnitude and phase must be held in the same stors,
when both ars t0 be displayed. If the same store is specified for the
ocutput of the ‘MAGNITUDE PHASE’ ccumand, the magnitude information will
be stored in the top four bits and the phase in the bottom four.

STRETCH FCR PHASE
SUMMARY

This command is intended to aild the interpretation of either the phase image
on its own or the megnitude and phase images together.

COMMAND IN DETAIL

The only secondary coammand 1s to choose a stretch for ‘Phass Cnly’,
‘Phase and Mag’ or ‘No Stretch’. For the first choice, 1t is assuxed
that the phese is in one store and that the megnitude, which is in
another, is not included in the operation. A stretch is set up 1n the
1UTs so that 1if the phase angle 1s 2zero, the displayed colour is
magenta. AsS the phase angle increases, there 15 a smooth change in
cclour through blus, cyan, greem, yellow, red, aud back to magenta woen
the phase 1s 360 degrees (ie level 255). It may be convenient to set up
a grey wedge at the side, using ‘GREY SCALE’ in ‘Text and Graphics’ so
that the range of colours cas be seen ard the phase angles can be
identified.

For the secord option of ‘Phase and Mag’, the images of phase aczd
magnitude must be in the same store, as descrided in the commard
‘MAGNTTUDE PHASE’ above. The colours are in the same sequence as above,
put the intensity of the colour is governed by the magrnituds image. The
last option ‘No Stretch’ simply resets the LUTs to the unity transfer
funation, ie the stretches are removed.
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DESI&Y FILTER
STMMARY
This ccmmard produces a rangs of filters for use with transformed images.
COMMAND IN DETAIL

The simplest output from this operation is an image where most pixels

- are at one level, a region defired by a square or an ellipse is set to
another, and there is a smooth transition between them. Examples of
this are shown in Fig 41(f), Fig 42(b) erd Fig 42(d). A ccsine squared
function 1s used to make the transition in intensity from cms region to
another acrcss several pixels.

After choosing the store for the filter image, including whether
it covers the whole screen or a quadrant, ard wkhether only the top half
is to be produced (for real input images), a range of secondary commands
are presented. The use of these cammands is perhaps best explained with
an example. Consider the filter image in Fig 42(b), in which most of
the image is at level 200. This was set using the secordary ccmmard
‘Backdgrourd Value’, which simply takes the intensity level set by tke
user with the rolling ball, ard writes this value over the whole filter
image. ‘Ellipse’ wes next selected so that a circle centred at the top
left corner, (zero frequency point) was produced. Following the request
‘Glve Centrs Value’ which appeared on the screen, the rolling ball was
used, to select the number 50 for the intensity of the pizels at the
centrae of the circle. Next, the ‘Edge Valus’ was set to 200 with the
rolling ball. This value 1s normally at the same level as the
backgrourd, so that there are no sharp transitions in intersity in tke
filter image, which could lead to spuricus high f{requency compcnents
appearing in the final image at the end of the filterirng process.
Finally, a % radius for the cexntre value was given, and the default of
80 was used. This meant that when the circle of radius 80 pixels was
later drawn, there was a central circle of radius 50% of 80 (ie 40
pixels) with all the pixels at level 60, surrouxded by a circle of
radius 80 pixels, with the peripheral pixels at level 2CO. In tke
region between the two circles, <the intensity increased in a ‘ccsire
squared’ fashion from level 30 at the inside oircle to level 2C0 at tkhe
outslds.

Returning to the secordary ccmmards, 1f ‘Ellirse’ 1is chesen, a
circle appears cn ths screen ard the rolling ball is used to meve 1T iz
the T ard y directicms. After pressing the CING’ rIuttcn, the fall
changes the size of the circle izdeperdently in the two directicns. In
thig way, an ellipse can be produced. Tke text ca the VLU, which was
‘Shift’ to denote tkat the rollirg rall could shift the clrcle, chargdes
to ‘Scale’ for this cperation. Tke next press of ‘CENG’ chandes tais
text to ‘Rotate’, and the rolling ball can rotate the ellipse on the
screen. A further pressing of ‘CENG’ causes the control to revert to
shifting the ellipsa, atao. A circle or an ellipse can therefcre be
drawn at any position and orientation on the screen, and it will e
noticed, that as the ellipse moves over the left edge, it re-appears at
the right edgde. For the exampls, the circle wes reduced o a spCt,
zoved to the tcp left corzer (to cemtre it cn the Tero frecuency)., azd
subsequently expaccded. The image of the magnitude was displaved uncer
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the circle, so that the clrcle could e seen in relaticn to the
frequencies in the image. The lire of the circle represents the outsi
edge of the filter. In other words, the intensity falls off in the
cosine squared fashicon insidse the lire of the circle.

The command ‘Box’, is the same as ellipse except that a box rather
than an el.li.pse is drawn. There is no option to rotate the box. The
commands ‘Bax Reflected’ and ‘Ellipse Reflected’ are the same as ‘Bex’
end ‘Ellipse’ respectively, except that a second bax or ellipse which is
simply a reflection about & vertical axis in thke centre, is produced et
the same time. VWhere such a symmetry is required in the filter image,
these commands save time.

The last command is ‘Mean Value’, which sets the value of the top
left pixel. As wes noted in the introductory text, for a forwasd
transform, this particular pixel represents F(0,0), or the mean value of
the input image. The f{filter image 1s normally mltiplied by some
transformed lmage, and the inverse transform produced. Therefore, this
top left pixel controls the mean value of the final imege after the
backward transform. If a particular filter image were zero everywhere
except for ome point, to extract only ome frequency, the resulting
inverse transform of the flltered 4image, would bhave positive ard
negative intensities. Setting the 'Mean Valus’ to 100 for example,
would remove this problem. When <the <£ilter imsge has been defired,
‘End’ can be selected to write the detail of the filter into tte
backgrourd, as shown in Figs 41(£), 42(b), ard 42(d).

The example in Fig 42(b) is a very simple cne. The filter shcwn
in Fig 42(d) is rather more tured to the specific filtering required.
It was drawn with the megnitude image, Fig 41(b) underreath. A filter
to enhance a emall range of frequencies in any direction (ie an
amidirectioral bandpass) could be produced by drawing one oircle irnside
another. More complicated filters can easily be produced with miltiple
applications of baxes arnd ellipses to a basloc filter image where tkhe
backgrourd and the top left pixel have been set. One last example of
the use of this commerd, not actually for filtering directly, is iz

grading’ the edges of an input image to reduce the edge effects. If a
box, 258 pixels squarsg, wers produced, with the oentral intensity
extending to 90% of the width, a filter image with a bright centre
fading gently to =zero at the boundary would be produced. Multiplyi-zg
the input image in Fig 41(a) by this, would result in the same ixmage
with edges fading to zero. Thus the ilmage would be continuous over tie
bourdary, thereby reducing the edge effect. Scme of the izmage would
hcwever be lest.

Other ccmmands within GEMSTCNE can be used to produce filters.
The facilities in ’‘Text ard Graphlcs’ can be used to create tke besic
shapes of filters. Density slicing the magnitude image of the
transformed scere, will provide the basis of mcre accurate skhapirng cf
finely tured filters. Following producticn of the Yrasio fliter, it
should be smoothed before use, to avold the gereration of spuricus high

frequerncy effects.
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MAGNITY
SUMMARY

This command provides a utility magnifying operation for use in resampling
images.

COMMAND IN DETAIL

Therse are three options for the magnification methed. ‘Space Pixzel’
results in the individual plxels of a small image being separated ard
zeroes belng inserted in the daps. ‘Repl. Image’ causes the small
image to be replicated over the whole defined area, and ‘Repl. Pizel’

provides a nearest neighbour resampling to experd a small image to cover
the defined area.

Having selected the magnification method, the input store and tkhe
area to Dbe magnifled are selected. The megnification is then fixed to
cover either the whole screen or a quadrant. Finally, the cutput store
is chosen and the operation performed.

Two possible uses of this utility are described Delcw. By
replicating a swall image, a proper DFT of 1t can be produced. It has
been assumed that the input image is cyclio with a peried of 286 or 512
pixels. A small image in a ’‘sea of black’ does not have the same cyclic
property. Replication corrects thls, provided that the dimensions of
the small image are sub-multiples of 256 ard therefore do not add to the
discontinuities at the edges. Secordly, suppose an image were magnified
by ‘Space Pizel’ axd <transformed. If this transformed .image were
multiplied by a sharp edged box, (the transform of the sinc function),
and the inverse transform performed, the result would be an image of tkhe
samas size as the original, but with the black spaces filled with pixels
from a sino resampling. Other sampling functions can be transformed to
produce similar cutput images with different resampling functions.
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5.13 Information

This chapter provides a wide range of informaticn to the user, in the form
of text presented on the TV screen. ‘Help’ Information of various ccmmards,
details of otkher GEMS installations, background processing functicns, user
experience in particular disciplines, and examples of image  processing
operations can all be provided in this packags.

The way in which the system works is that the system administrator can
create stardard ASCIT text files containing the information. BY means of the
simple menu system within this chapter, the user can access the files that have
been created. GEMSTONE simply provides the framework for the user to access the
information arnd does not contain any information itself. It is for the system
administrator to add the information. Equally, it is for the users themseolves
to provide the system administrator with the material to be inserted, or to
request that particular information be added.

The operation of the system is self evident in the interactive menu, ard
the user simply chooses the topic on which information is required. If zo
choice is mads, the system slowly displays all the information in the files, in

Sequence.
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Index of Primary Commands

Primary Command

3-D FIXED
3-D GENERAL

ACD

ADD WEDGE
ADJUST TRANSFCRM
AREA FILL

AUTO EQUALISE
AUTO GAUSSTIAN
AUTO LINEAR

AUTO 2 LINEAR

BACEWARD TRANSFORM
ELACK IMAGE

CHOCSE BANDS
CHOOSE CLASSIFIER
CECCSE CALOUR
CHOOSE TR AREA

CLASSIFY
CLEAR FLANE
COLCUR PALETTE
COLOUR ROTATE

COoPY

COPY AREA

COFY BIT PLANE

COPY IMAGE TO STCRE
COPY STCRE TO SICRE
CCRREIATE TRANSFCRMS

CEFINE EXTRACT
DEFINE FILTER
DEFINE PROGRAM
CEFINE TR AREA

DESIGN FILTER
DESTRIPE

DISFLAY BIT PLANE
DISPLAY MAX LIX
DISFLAY WAVELENGTH

DIV

DIVIZE TRANSEFCRMS
CRAW GRID

CRAW LINES

CPAW SPRITE

GEMSTONE chapter

Text and Graphics
Text and Graphics

Arithmetic

Copy an Image
Fourier Transforms
Text and Graphics

Contrast Stretch, Histograms
Contrast Stretch, Histograms
Contrast Stretch, Histcgrams
Contrast Stretch, Histograms

Pourler Transforms
Density Slice, Measurs Areas

Clessifiers, Copy Eit Planse
Classifiers, Copy Bit Plane
Density Slice, Measure Areas
Classifiers, Copy Bit Plane

Classifiers, Copy Bit Plane
Text and Graphics
Text and Graphics
Text and Graphics

Special

Text and Graphics
Classifiers, Copy Bit Plane
Copy an Image

Copy an Image

Fourler Transforms

Copy an Image

Linear Filters

Arithmetio

Classifiers, Copy Bit Plare

FPourier Transforms

Maths Operations
Classifiers, Copy Bit Planse
Classifiers, Copy Bit Plane
Fourier Transforms

Arithmetic
Fourier Transforms
Speclal

Text ard Graphics
Text arnd Graphics

Intensities
Intensities
Intensities
Intensities

Page

124
124

127

173
117

28
29

28

173

109
103

108

103
111
121
123

142
li4

19
21
175

20

128
103

178

106
107
174

128
175
143
1186
118




MANUAL SLICE
MEDTAN SMOCOTH

MULT

MULTIPLY TRANSFURMS

NEGATE STRETCH
NORMAL TMAGE

CUTPUT PLANE
OVERLAY 4 HISTOGRAM

OVERLAY 4 PIZEL COUNT
OVERLAY 4 PRINCIPAL CQMPCONENTS
OVERLAY 4 SCATTER DIAGRAM

PAINT

PIZXEL COLOUR
PIXEL COUNT
PIXEL VALUE
PIZZEL VALUE

PLANE FLICXK
PLANE SEQUENCE
POLYGON FILL
PRINCIPAL COMPONENTS
PRINT PROGRAM

GEMSTONE chapter

Maths Operations
Copy an Image
Arithmetio

Linear Filters
Fourier Transforms

Text and Graphics

Contrast Stretch, Histcgrams,

Special

Text ard Graphics
Maths Operations

Fourier Transforms
Maths Operations
Fourier Transforms

Contrast Stretch, Histograms,
Density Slice, Measure Areas

Maths Operations
Arithmetio
Fourier Transforms

Contrast Stretch, Histograms,
Density Slice, Measure Areas

Text and Graphics

Contrast Stretch, Histograms,
Density Slice, Measure Areas

Maths Operations
Maths Operations

Text ard Graphics
Text and Graphics

Density Slice, Measure Areas
Contrast Stretch, Histograms,

Text and Graphics

Special

Special

Text and Graphics
Maths Operatlons
Arithmetio

Intensities

Intensities

Intensities

Internsities

Intensities

120
33
152

122
62

180

176
29

39
58
128
174

30
42

111
>4

72
72

116
112

32
111

141
141
117

133
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Primary Command

RFAD IMAGE
REMOVE WEDGE

RESTCORE FILITER
RESTORE FROGRAM
RESTORE SLICE

RESTCRE STRETCH
RESTCRE STREICH
RFSTORE STRETCH
RGB TO INT HUE SAT

SAVE
SAVE FILTER
SAVE PROGRAM
SAVE SLICZ

SAVE STRETCH
SAVE STRETCH

SCATTER DIAGRAM
SHIFT AND ROTATE
STEREO PAIR
STRETCH FCR PEASE
SUB

SYMMETRY
TRANSECT GRAFH

WRITE IMAGE
WRITE TEXT

GEMSTONE chapter

Linear Filters
Copy an Image
Classifiers, Copy Bit Plane
Linear Filters
Arithmetic .
Density Slice, Measure Areas

Classifiers, Copy Bit Plane

Contrast Stretch, Histograms, Intensities
Text and Graphics

Special

Special

Classifiers, Copy Bit Plare

Linear Filters

Arithmetio

Density Slice, Measure Areas

Contrast Stretch, Histograms, Intensities
Text and Gragphics

Maths Operations
Text and Graphics
Linear Filters

Maths Operations

Special

Fourier Transforms
Arithmetic

Linear Filters

Contrast Stretch, Histodgrams, Intensities

Linear Filters
Text and Graphics

T T T T TN T T

128
144
143
108

134
39

1285

€5
117

47
152

177
127

33

115
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General Index

In this index, keywords which are likely to arise in conrection with izage
processing operations, are given on the left hand side. Qualifiers, ccmrents,
and suggestions are given in the middle, and the relevant page numbers on the
right. A chapter in this bandbock and in GEMSTONE 1s written with quotes (eg
‘Arithmetic’) and a primary command is written in capitals as well (eg 'ACD’).
To save space in this index, the names of the <following chapters bhave beex
truncated as follows:

‘Copy’ - ’‘Copy an Image’
‘Contrast’ -~ ’‘Contrast Stretch, Histograms, Intensities’
‘Density’ - ’Density Slice, Measure Areas’
‘Maths” ~ ’Maths Operations’
‘Linear’ - ‘Linear Filters’
‘Class’ - ’‘Classifiers, Copy Bit Plansg’
‘Text’ - ‘Text and Graphics’
‘Arith’ - ‘Arithmetic’
‘Pourier’ - ‘Fourier Transforms’
Eeyword Pages
2-Dimensional
histogram : ’‘SCATTER DIAGRAM’ in ‘Maths’ €8
3-Dimensicrnal
views of an image : ’3-D FIZED’ in ‘Text’ 124
example of ‘3-D FIXED’ 87
or ‘3-D GENERAL’ in ‘Text’ 124-128
Add
two ilmages together : ‘“ACD’ in ‘Arith’ 127
or "plus" urnder '‘DEFINE PROGRAM’ in ‘Arith’ 131
a ¢onstant to an image : "plus" under 'DEFINE PROGRAM’ in ’‘Arith’ 131
or ‘MANUAL’ in ’‘Contrast’ 29-30
or ‘LINEAR STRETCH’ in ‘Text’ 122-123
Examples of addition 134-139
Example of the oreration of “plus” 129
a wedge to an image : ‘ACD WEDGE' in ’‘Copy’ 21
or ‘GREY SCALE’ in 'Text’ 12e
Altasing 157-158
Alternate the display between two images : 'PLANE FLICX' in ’‘Special’ 141
Analysis of spatial filter frequency responses T7-89

Angle of a lire in an imags
: use 'TRANSECT GRAFH' 1in ’‘Contrast’ to produce a parallel lirne 33
or ‘DISPLAY WAVELENGTH’ in ‘Fourler’ as an ald to filtericg 172




188
Animation
¢ CQLOUR RQTATE’ ard ‘LINEAR STRETCH’ in ‘Text’ 122-123
or ‘PLANE SEQUENCE’ in ‘Special’ 141-142
Aonotation
with text : ‘WRITE TEXT’ in ‘Text’ 113-114
in general : see ‘Text and Graphics’ chapter 110-128
Area '
of a slice : ’'PIXEL COUNT’ in ’‘Density’ 42,

of a slice in a pre-defined area : ‘OVERLAY 4 PIXEL COUNT’ in ‘Density’ 42
of a class : for box and discrete classifiers, area is given
immediately after classification ice
‘ for maximum likelihood, ‘DISPLAY MAX LIX’ in ‘Class’ 107-108
of a class in s previcusly classified image

! density slice image and use ‘PIXEL COUNT’ in ‘Density’ a2
Arithmetic
Simple operations in ‘Arith’ : ’ADD’, ‘SUB’, ’'MULT’, 'DIV’ 127-128
More general functions in ‘Arith’ :
plus, minus, times, div, xpos, ypos, min, max, 131
ard, or, xor, >0, sgrt, aks, chng sign, randcem, sin, cos, 132
abs2, arg, log, exp, int, frac 133
Autamatic
contrast stretching, theory 22-25
commards in ‘Contrast’ chapter 28-29

Average : see Mean

Bardpass filter

by convoluticn, theory and examples 82-83,88
by Fourier transforms, theory 184
operaticn : ‘DESIGN FILTER’ in ‘Fourier’ 178-179

Bardstop filter : see Bandpass filter

Bilinear interpolation 73-74

Binary number : see Digital number

Bi%

Bit

5-6
Plane
description 6-7
to store / display classifications 40-41, 106-107
copy : ‘COPY BIT PLANE’' 1in ’'Class’ 104

Blow-up @ see Magnify
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Blurring
Removal of blurring in an image 168-170
To blur an image : ‘SMCOTH’ in ‘Maths’ 4749
or smooth with the commards in ‘Linear’ 76-04
Example of an lmage with motion blurring 169
Box classifler
Theory 95
Example 100-101
Operation : using the commarnds in ‘Class’ 103-1C8
Brightrness : see Intensity
Button. Description of operation of buttons : see Control Panel chapter 10-13
Calculator. Use of ‘Arithmetlc’ package as a calculator 129
Change
store being displayed 4,12
colour of, image : by dlsplaying stores in different colours 4,12
by the commands in ‘Contrast’ 22-3¢
by 'RGB TO INT HUE SAT’ etc in ‘Special’ 144-152
overlay plane 13
class in overlay plane (ie overlay plane colour) 13
density slices : 'MANUAL SLICE’ in ‘Density’ 39
'CHOOSE COLOUR’ in ‘Density’ 43
graphics : /PIXEL COIOUR’ in ‘Text’ 112
’CCLOUR PALETTE’ in ‘Text’ 121-122
graphics, continucusly : "COLOUR ROTATE’ in ‘Text’ 123
position of, cursor with the rolling ball or buttons 11,12
rectangdles, cbjlects, etc, with rolling ball only 12
cne image relative to another : ‘PLANE FLICX’
in ‘Special’ 141
image on the screen by panning 11
image in a stors by reselecting area : ‘DEFINE EXTRACT’
in ‘Copy’ 20
image in a store by copylng from another : see Copy
image by an integer or fractional number of pixels
: see Shift
sign of an image : see Negative
pizel values, in a small area of an image : ‘READ IMAGE’ and 'WRITE
MAGE’ in ‘Lirnear’ =2
‘PAINT’ etc in 'Text’ 118
genarally, by storing through the IOTs : see Copy
Charts : see ‘Text’ chapter 110-123
CI2G button on the control pacel 12
Choose
16-17

image : see ‘Chocose an Image’ chapter
colour : sea Chands

—— e i
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Classification
by density slicing 37
General theory of box, discrete and mexdimum likelihood classifiers  ©5-1C1
Camparison of classifier performances 1C0-1c1
Operation of classifier commards 103-1C8
(Summary of method urder ‘CLASSIFY’ in ‘Class’) 105
Manual classifier under ’'CLASSITY’ in ‘Class’ 105-1C6
Display of classifications : ‘RESTCRE SLICE’ in ‘Density’ 40-41
‘DISPLAY MAX LIK’ in ‘Class’ (note 107-1C8
storage method for redisplay later)
Holding a classification in a store 106
Ares of a class : see Area
Saving/restoring classificaticn parameters : ‘SAVE’ and 'RESTORE’
in ‘Class’ 108-1Cg
Clusters 65
Colour
Formation of a colour picture on the TV screen 4
Change colour : see Change
triangle 145
of density slices 401,43, 107
of classes in a meximum likelihood classification 1C7
of the colour palette 121
Manipulation of colour using ‘RGB TO INT HUE SAT’ in ’Special’ 144-152
Commands. Primary ard secondary commands 8-9
Compass gradient filter o0
Complex image
storage format 7
Use in Fourier transforms 154-170
multiplication : ‘MULTIPLY TRANSFCRMS’ in ‘Fouriler’ 174-178
multiplication by complex conjugate : ‘CORRELATE TRANSFCRMS’
in ‘Fourier’ 175
division : ‘'DIVIDE TRANSFCRMS’ in ‘Fourier’ 175
conversion, real/imaginary to amplitude/phase :
'MAGNITUDE PHASE’ in ‘Fouriler’ 176-177
“abs2" and "arg" under ‘DEFINE PROGRAM’ in ‘Arith’ 133
amplitude/phase to real/imaginary :
"sin" and "cos* under 'DEFINE PROGRAM’ in ‘Arith’ 132
(see notes in “arg" urder ‘DEFINE PROGRAM') 133
Ccmputer 4,3
Contrast stretch
Theory, examples and commands : in ‘Contrast’ chapter 22-30
: 'LINEAR STRETCH’ in ’‘Text’ 122-123
Different stretches applied to different parts of cne imsge :
‘COPY AREA’ 1in 'Text’ 114-115
Saving/restoring stretches : see SAVE... ard RESTCRE...
in the irdex of primary commards 188
10-13

Control parcel
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Convolution
Theory 4445, 78-cC
Operation using the commards in ‘Maths’ chapter 46~57
Operation using the commends in ‘Lirear’ chapter 91-4
Theory using Fourler transforms 169-170
Co—ordinates : see Change position
of a pixel : 'PIXEL VALUE’ in ‘Contrast’ 32
of boxes ete, are gererally given at the bottom right of the TV
screen, and are sometimes repeated on the computer terminal
A co—ordinate grid can be overlaid using ‘CRAW GRID’ in ‘Special’ 143
Cory
an imnge fram the host camputer into GEMS
: ’COPY IMAGE TO STCRE’ in ’'Copy’ pS)
an extract from an image in the host computer, into GEMS
: ‘DEFINE EXTRACT’ and ‘COPY IMAGE TO STCRE’ in ‘Copy’ 18-20
an image from one store to another. There are severel ways of doing
this and the commends have cpticnal facilities which are mcst
useful within thelr respective chapters. Most of these commands
are listed in the following tahle, whers,
W = can copy the whole screen
Q = can copy a quadrant specifically
R = can copy & rectangular area (which could be & quadrant)
I = can copy an irregular area
M = can make multiple copiles directly
A = can magnify or reduce in the copy process
C = can copy with a contrast stretch
V = can invert left to right or top to bottom
O = can rotate in fixzed steps of 90 degrees
P = can rotate generally
S = can shift or reflect in the copy process
L = can deal with 1024 pizel squarse images
‘COPY STCRE TO STCRE’ 1in “Copy’ ¥Q C 21
'COPY BIT PLANE’ in ‘Class’ W C 104
‘COFY AREA’ in ‘Text’ ¥ RINX C L 114-118
’COPY’ in ’Special’ Ve v O L 142-143
"ROTATE’ in ‘Special’ W R P L 143
"MAGNIFY’ in ‘Maths’ ¥ R AV 73-75
"MAGNTIFY’ in ‘Fourier’ W R A 180
*ADJUST TRANSFCRY’ in ‘Fourler’ WQ S 173-174
' SMOOTH' in 'Maths’ ¥ R 47
‘FILTER IMAGE’ in ‘Linear’ ¥ R 93
'CEFINE PROGRAM’
and ‘EXECUTE’ in ‘Arith’ wQ ¥ C 128-133
a part of an image to the same store, after movirg the part image
continugusly : ‘OOFY AREA’ in ‘Text’ using "Copy Sprite” 114~-115
or "Move Sprite" (erases original) 114-118
frem an overlay plarcs or a bit plars of ope store to another
bit plans : ‘COPY BIT PLANE’ in ’'Class’ 1C=
or ‘COPY AREA’ in 'Text’ (limited) 114-118
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Cavariance
matrix oS!
matrix used in the meximum likelihcod classifier =S

Correcting typing errors on a VLU 113

Correlaticn 67-€8
of one image with arother, by eye : 'PLANE FLICX’ ia ‘Special’ 141
matrix 67
by Fourier transform method 170
Preserving urcorrelated data for the humen eye, using I=S 144~-151

using stereo 152-153

Count : see Area
or ‘HISTOERAM’ in ‘Contrast’ 33-3<4
or 'TRANSECT GRAPE’ in ‘Contrast’ 33

Cursor 3,8,9.11,12
Freezing cursor movement in one directicn 13

Defective, pixel or swall group of pixels : repair using
‘PAINT’ in ’'Texbt’
or ‘READ IMAGE’ axd ‘WRITE IMAGE’ 1o ’‘Licear’
lire : repalr using ‘LINE FIX' in "Mathas’

'J
B Ro

Telta fuczcticn 78
Tensity slice : see ‘Dexnsity’ chapter 36-43
Destripe : 'LESTRIFE’ in "Matks’ 854-37
or see ’'Lircear’ ckapter S
or see ’'Fcurier’ ctagter 164

4 4 g=d o
Differentiation ¢f an izege

‘EDGE DEANCEMENT’ in ‘Maths’ usizng “rexcove lowt 51-EZC

or ccrmands in ‘Licear’ charter G-

or ccxmands in ‘Fourier’ ckagpter 171-173
Digital izags @ see Imega

—d 4 A .
Zigital pumber

Bizary nuxnber §-S
cf a _Ni:nel : UPIIZL VAITE  io Centragst’ e
02 pizels in a line @ 'TRANSEICT GRAFE’ in 'Ccotrasvt’ 3
0% a small area cof pizmels : ‘RIAD DMAGE’ in ‘lizear’ =%
Mpan, median ard standand deviatics of a small ¢TCup O DiEels
CHTSTOCRAM in ConsTast’ (Tectanilar aTrees) 22-2<
(OYERIAY 4 MISOUCRAM fn ContTast’ (zcn-fectangulan arsels. 22
voder CLASSITY o TClass’ le-lle




Digital terrain model (TTM)

Directicnal filtering
by convolution

£2-83,83,85-C

by Fourier transform method 183-1€7
Discrete classifier
Theory S5-c6
Example 1C0-10%
Operation 103-106
Discrete Fourier transform (TFT) 155-1€0
Displacement
Measurement of displacement of, a point : ‘PIXEL VALUE’ in ‘Contrast’ Z
an image : ‘PLANE FLICX’ in ’‘Special’ 14l
Display
a8 sture on the TV screen 4,12
an overlay plare on the TV screen 8,11
& bit plane : ’‘DISPLAY BIT PLANE’ in ‘Class’ 1Ce-1Cv
or ’‘RESTCRE SLICE’ in ‘Density’ 4041
a classificaticn : ‘DISFLAY MAX LIX’ in ‘Class’ 1o7-1c8
or ‘RESTCRE SLICE’ in ‘Dernsity’ 4041
two imsges altermately : ‘PLANE FLICX’ in ‘Special’ 142
a sequence of images : ‘PLANE SEQUENCR’ in ‘Special’ 141-142
uncorrelated images : ‘RGB TO INT HUE SAT’ in ‘Special’ 151
or ‘STEREQ PATR’ in ‘Special’ 152-1E3
images cof different resolutions : ‘RGB TO INT HUE SAT’ in “Special’ 151
Cistaxce
between two pcints : "TRANSECT GRAPE’ in ‘Contrast’ 33
or ‘PIZEL VALUE’ in ’‘Contrast’ for co-ordizates 32
Pivide
cre image by another : ‘DIV’ in ‘Arith’ 128
"div" ucnder ‘CEFINE FROGRAM' 1in “Axith’ 131
coe lmage by a constant "div" under ‘'IEFINE FPROGRAM’ in ‘Arith’ 131
one ccmplex image Ly anotkher @ ‘DIVICE TRANSFCRMS’ in ‘Fcurier’ s
Draw
straight lire segments : 'LRAW LIES’ ia ‘Tex?t’ 113
or ’'TRAW SFRITE’ in 'Text’ 118-12C
centizucus lize : ‘PATNT’ in ‘Text’ Ll8
area : PAINT’, ‘AREA PILL’, ’'PCLYCGCN FILl’, 'SEED FILLY iz 'Text’  118-LL7
strite (or xzcveabls cblect) ‘TRAW SFRITE’ in Text’ 118-12C
several sprites with lirzear interpclaticn : '[RAW SPRITE’ in "Text’ 118-12C
a grid cverlay @ '[RAW GRID’ 1n ’'Special’ 143

v -
R ~a
arilcace

! ses Cozv
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zdge
e detection : ‘EDGE ENEANCEMENT’ in ‘Maths’ using "remove lcw*
see ‘Linear’ chapter
See ‘Fourler’ chapter
enhancement : ‘EDGE ENHANCEMENT' in ‘Maths’ using "increase high"
see ’‘linear’ chapter
see ’‘Fourler’ chapter
Example of edge detection : filter K
edge enhancement : filter I

Eigenvalue, eigenvector, elgenvector transformation

Enhancement : an imprecise term with many meanings.
See Contrast stretch, Density slice, Colour, Edde enharcement,
Smooth, Noise, Destripe, Filter, stc

Enlarge : see Magnify
Equidensity contrast stretch : ‘AUTO EQUALISE’ in ‘Contrast’

Erase
a whole imsge (W) or a quadrant (Q) of an image
! ‘ERASE STCRE’ in ‘Copy’ (W) ard (Q)
or ’CLEAR FLANE’ in ‘Text’ (W)
or ‘COFY BIT PLANE’ in ‘Class’ using “"zeroes" (W)
or ‘DEFINE PROGRAM’ in ‘Arith’ (W) and (Q)
or 'FILTER IMAGE’ in ‘Lirear’ with a null filter (W) azd (@)
a regular or irregular part of an imege : "PAINT’ in ‘Text’
a single bit plarse
: ‘COFY BIT PLANE’ in ’‘Class’ using "zerces"
or ‘CLEAR PLANE’ in ‘Text’ (overlay plare 4 only)
text in an imegs : as for erasing an image
text on the VLU

t:
[V
(]

Grey scale resclution
Colcur sersitivity

Zxtract
frcm an image : ‘DETFLIE EIIRACT’ in 'Copy’

Talse colcur ccarcsita

Till 4in =27 sres
: AT/, AREA FIILL, 'POLYGCYN FIOIL, ‘SZED FILL in 'Text’

e}

51-53
76-9¢
154-180

51-82

- T

76-24
154-18C
78

¢ 78

SSmerd

28-29

21

111

104
128-1Z2C
93

116

1c4
111

113

144

20

W

I ket |
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Filter
Theory of filtering, by convoluticn 4445, 78-S
by Fourier transforms 154-17C
Smoothing filter : 'SMOOTH’ in ‘Maths’ 4743
Edge detection filter : ‘EDGE ENEANCEMENT’ in ‘Maths’ ("remcve lcw") 351-33

Edge enhancement : ‘ELGE ENHANCEMENT' in ‘Maths’ (“"increase high") §1-52

Median filter : ‘MEDIAN SMCOTE’ in ‘Maths’ 88-81
for line striping : '‘DESTRIPE’ in ’‘Maths’ 5¢-57
for defective lines : ’LINE FIX’ in ’"Maths’ €2
General user defined filters : see 'Linear’ chapter 76~-4
Examples : 1-D filters, low/high pass, high boost, bardpass, bandstop 78-83

2-D filters, directioral/omnidirectional smoothing 89

directional/cmnidirectional edge enbancement 8&89-8C

compass gradient Q0

line dsetector 0

shifting 0

region growing/shrinking €0

Analysis of frequency responses of fillters 77-89

by Fourier transform method 154-120

Inverse filtering 168~170

Flick from ore image to another : ‘PLANE FLICX' in ‘Special’ 141

Flcating point format ard Image stores for holding flcating point images 7
Fourier transform

Theory includi=ng FFT axd DFT 154-170

Examples 186-170

Operation 173-18C

Frame store : see Image store description

Frequercy resporses of fllters T7-E8

=]
~3
(@}

Garma of filxs, correction of non-linearities

Gaussian distrirution
Contrast stretch for a Gaussian distribution

’AUTO GAUSSIAN’ 1n ‘Contrast’ 29

assumpticn in maxdmem lixelincod classifier e~

GMS azxd GEMSTCNE corganisaticn 4-35
Grarh

: see ‘Text’ chapter 110-128

or ‘HISTOGRAM’ in ’‘Ccatrast’ 33-32

or ‘TRANSECT GRAFH’ in ’Ccotrast’ 23

or ’SCATTER DIAGRAM’ 1in ‘Maths’ for 2-D bistcgrazs €<c

02 frequency respcmses of filters : 1-D ’Z‘E:,—ES

: 2-D 28-87

gTachs. pRoiSpRete

! see@ ‘Arith’ chapter to gererate functiczms for
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Grarhics : see ‘Text’ chapter
Animated graphics : see Animation

Grey scale :

Grid : ‘TRAW GRID’ in ‘Special’

Help

High boost filter
Hlgh pass filter

Histogran

Description

for a rectangular area in an image :
Examples

for a non-rectangular area :

2-D histogram :

Ecst ccmputer

Hotelling transformation

Hue : see Colour
'RGB TO INT HEUE SAT’ in ‘Special’

I1, ie 8 bit integer format
I2, ie 18 bit integer format

Irage

Structure of a digital image
Saxpling used to form a digital image
The GEMSTQNE ccmmand IMAGE, (at the bottom of each chapter page)

ti

Image storse descripticn

Iraginary irage :

Input butten

'SCATTER DIAGRAM’

rage restoration by inverse filtering

see Ccmplex 1xage

110-128

‘AID WELGE’ in ‘Copy’. Note that the lmage can replace the 21
wedge by using ‘REMOVE WEDGE’ in ‘Copy’
or ‘GREY SCALE’ in ‘Text’ (image displaced by wedge is lcst) 120

21

143

78-79
78-79

‘HEISTOGRAM’ in ’‘Contrast’ 33

’QVERLAY 4 HISTOGRAM’ in ‘Contrast’ 34
in ‘Maths’

144-181

10,12




PS4
Intensity
of a pixel : ‘PIZEL VALUE’ 1n ‘Contrast’ 32
of a small area of pixels : 'READ IMAGE’ in ‘Linear’ o
along a line of pizels : ‘TRANSECT GRAPH’ in ‘Contrast’ 33
of an area, le mean, median and starndard deviation
: 'HISTCGRAM’ in ‘Contrast’ 33-34
‘OVERLAY 4 HISTOGRAX’ in ‘Contrast’ for irregular areas 32
of a pixel set to be same as its position along the x-axis
: ‘CEFINE PROGRAM’ in ‘Arith’ using "xpos" 131
¢ similarly for the y-axis, use "“ypos" 131
hus and saturation : ‘RGB TO INT HUE SAT’ in ‘Special’ 144-151
Interpolation
Nearest neighbour 73,795,143
Bilinear TE-75
Sinzx/x 4, 180
Inverse filtering using Fourier transforms 169-170
Invert
an image : see Copy
a pixel (ie intensity) : see Negative
Rarhunen-Loeve transformation &6
laplacian filter 8e-87
Least significant bit (ISB) €
Likzelihood ce
Limit the rarge of intensity within an image
¢ 'REFINE PROGRAM’ 1n ‘Arith’ using “min" ard "max” or "axzd"' 131
Lire drawing : seg Draw
Lize cdefects : see Defective
I 4 neaﬂ
retch 22-30, 122-122
filter 76-04
interpolaticn o3~

Iccation @ see Co-crdinates

-
(€]
n

Icgical fucctions @ under 'LEFINE FROGRAM® in ‘Arith’

- -

i
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lLock-up table (LUT)

description 4,22
use in, contrast stretch comrands 22-31
density slice commands 37-43
‘COLOUR PALETITE’, 'LINEAR STRETCH’, in ‘Text’ 121-123
’PIXEL CQLOUR’ in ‘Text’ 112
‘DISPLAY MAX LIX’ in ‘Class’ 107-1c8
’STRETCH FCR PHASE’ in ‘Fourier’ g
Rotation of IUT : ‘COLOUR ROTATE’ in ‘Text’ 123

see Copy for copying en imsge through a IUT
Saving the contents of & LUT : ‘SAVE SLICE’ in ‘Density’ 39
'SAVE STRETCH’ in ‘Contrast’ 31
‘SAVE STRETCH’ in 'Text’ 125
Restoring a previcusly saved LUT : ‘RESTCRE SLICE’ in ‘Density’ 40
‘RESTCRE STRETCH’ in ‘Contrast’ 31
'RESTCRE STRETCH’ in ‘Class’ 1C9
‘RESTCRE STRETCH’ in 'Text’ 125
Comparison of data before a IUT and after : ‘HISTCGRAM’ in ‘Contrast’ 33-34
ow pass filter _ 78-79
1SB (least significant bit) 8

ITT : see Lock-up table

Magnify
by sampling an image in the host computer at smaller intervals,
down to every pixel, using ‘DEFINE EXTRACT’ in ‘Copy’ 20
by zocming (ie pizel replication on the screen) 11
by zcaming with different factors in the x ard y directiocns 13
by resampling : ‘MAGNIFY’ in ‘Maths’ T2-75
by Fourier transform method : "MAGNIFY’ in ’'Fourier’ 180
Manual
contrast stretch : 'MANUAL’ in ’‘Contrast’ 29-30
classifier 103, 105-1C6
Mask

"PATNT’, ‘TRAW LINES’, 'POLYGON FIIL’, ‘AREA FILL’, 'SEED FILL',
‘CRAW SPRITZ’, '"OFY AREA’ in 'Text’ can be used to draw masks 114-120
'LESIGY FILTER’ in ‘Fourdier’ can draw resks kaving edges wit
swooth changes 1n intensity 178-179
Use of masks to limit areas for processing '

‘OVERLAY 4 HISTOGRAM’ in ‘Contrast’ 34
‘OVERLAY 4 PIXEL COUNT’ in ’‘Pensity’ 42
‘QVERLAY 4 PRINCIPAL CCMPQONENTS’ in ‘Maths’ 72
‘OVERLAY 4 SCATTER DIAGRAM’ in ’Maths’ 72
multiply cormards in “Arith’ 127-1329

out bits in a birary number : "ard" urder 'LCEFINE PROGRAM’™ in "Azrith’ 132

- -~
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Matrix 1
Correlation matrix &7
Covariance matrix &6 .
Maximum likelihood classifler
Theory S6-101
Example 1C0-101
Cperation , 103-1C8
Mean : '
intensity of an area : ‘HISTOGRAM’ in ‘Contrast’ (rectangular area)  33-34
les 25
‘OVERLAY 4 HISTOGRAM’ in ‘Contrast’
(non-rectangular areas) 34
under ‘CLASSIFY’ in ‘Class’ 105-1C8
intensity in Fourier transform space 179
used in the maximum likelihood classifier 06-28
used in principal comporents analysis €8,71
Measure
intensity : see Intensity
area ! see Area
position: see Co-ordinates
distance : ses Distance
Median
Definiticn 24
intensity of an area : ‘EISTOGRAM’ in ’‘Contrast’ (rectangular area)  33-34
Examples 25
‘OVERLAY 4 HISTOGRAM’ in ‘Contrast’
(non-rectangular area) 3%
Manipulation of the median intensity
: YAUTO 2 LINEAR’ in ‘Contrast’ 28
‘MANUAL’ in ‘Contrast’ using "2 part linear” 26-20
smoothing of an image : ‘MEDIAN SMOOTH’ in ‘Maths’ £8-61
Mem off button 12
Merge
images from different scurces/wavelerngths
: ‘RGB TO INT HUE SAT’ in ‘Special’ 144-151 {
‘STEREQ PAIR’ in ’‘Special’ 152-1E3
an image into the backgrournd by grading the edges 179
Mixz : ses Merge
sea Colour
Mode 11-13 #
Mcst significant bit 6
Motion blurring : see Blurring
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Move
cursor, by the rolling ball
by buttons
an imege : see Copy, Shift and Sprite

8,12
11

one image continuously relative to another : ‘PLANE FLICX’ in ‘Special’ 141

& sprite : ‘COPY AREA’ in ‘Text’
‘IRAW SPRITE’ in ‘Text’

Movie sequence : see Animaltleon
MSB : see Most significant hit

Multiply
cne image by another : 'MULT’ in ‘Arith’
“times" under ‘DEFINE FROGRAM’ in ‘Arith’

one image by a constant

¢ "times" under ’‘DEFINE PROGRAM’ in ‘Arith’

by contrast stretch - example

cne complex image by another
.t ‘MULTIPLY TRANSFORMS’ in ‘Fourier’
one complex image by the complex conjugate of another

¢ 'CORRELATE TRANSFCRMS’ in ‘Fourier’

Nearest neighbour interpolation

Negative of an image
: 'NEGATE STRETCE’ in ‘Contrast’
in a store : Copy through a LUT : see Copy
Example ‘COPY AREA’ in ‘Text”’
using “zor" command under ‘'DEFINE PROGRAM’ in ‘Arith’

Noise removal from an image
by linear filtering
by a median filter
by Fourier tracsform methed
See also Destripe and Defective

Non~lirear
contrast stretch
description
'AUTQ GAUSSIAN’, ‘AUTO EQUALISZE’, ‘MANUAL’ in ‘Centrast’

using a plecewiss lirear functicn : ‘LINEAR STRETCI' in 'Text’

filtering
: ‘MEDIAN SMOOTH’ in ‘Maths’
See example 4 using arthmetio functions

Yumper : see Digltal number

Nyquist samplirng frequerncy

114-115
118-120

128
128-133

128-133
22

174-175

179

73,795,143

20

114-115
132

4849
58-61
le4

25-24
28-2C
122-123

£8-61
138-139




Cbject : see 'LRAW SPRITE’ in ’'Text’

Qutput store or output plare. The store which will collect the output
image as a result of some operation. The input for the oper

is beld in the input or socurce store.

Overlay plare
Changing the colour of an overlay

Ovly button .

Palette : 'CQLOUR PALETTE’ in ‘Text’
Panning over an imege
Parallelepiped classifier : see Box classifier
Patch
used for linear filtering
To patch an image : see Defective
Pi, the number 3.14189....
Picture : see Image
Piecewise linear

contrast stretch
’AUTO 2 IJNEAR in ’Contrast (two pieces)

‘MANUAL’ in ’‘Contrast’ (two pieces)
: ‘LINEAR STRETCH’ in ‘Text’ (many pieces)
lire drawing

‘CRAW LINES’ in ‘Text’
‘CRAW SPRITE’ in ‘Text’

Pizel
definition
storage
intensity or value :@ see Intensity
count : see Area
rosition or co-ordinates : seq Cc-ordinates
coleur : see Colour

To change pizel colour, intemsity : see Changa colour

Plars

: see Bit plara

: see Overlay plare
Plus : ses Add

Polar co-ordirates

"abs2" azd “arg" weder ‘LEFINE FROGRAM’ in ‘Arith’

ion

20l

118-12C H

5,7,11
13

[
4

121-122

. l

=8
29-30
122-123

118
118-12C

I
=3

s
[
(@]
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Position : see Co-ordinates, Change position
of one image relative to ancther : 'FLANE FLICX' in ‘Special’

Power. To ralse an image or number to a power
! "exp” under ‘DEFINE PROGRAM’ in ‘Arith’

Primary command

Principal components
Theory
using statistics from a rectacgular area
' PRINCIPAL COMPONENTS’ in ‘Maths’
using statistics from an irregular area:
‘OVERLAY 4 PRINCIPAL COMPONENTS’ in ’Maths’
display : ‘RG3 TO INT HUE SAT’ in ‘Special’
Print
& pixel : see Digital number
detalls about an area : see Area
positicn or co-ordinates : see Co—ordirates

elgenvalues or eigenvectors : see Princdpal components
text : 'WRITE TEXT’ in ‘'Text’

Probability density function

Quit button

Rardom number generator
Reconstruction of an image
Reduce

size of an inage : 'MAGNIFY’ in ‘Maths’
intensity of an imege : see Contrast stretch

area for prccessing : see all ccmmands of the form ‘OVERIAY 4 ..

in the commerd irdex
: see 'COPY IMAGE TO STCORE’ in ‘Copy’
Lolce 1a an image : ses Nolse
Reject level : 'DISPLAY MAX LIX’ in ‘Class’
Rejection number : 'LINE FIX’ in ‘Maths’

Reglcn grewing/shrinking

€6-72
€65-72

72
151

115-114

96

12

132

169-170

73-75
185

19
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Remove
Cursor 12
wedde : ‘REMOVE WEDGE' in ‘Copy’ 2
bad pixel/group of pixzels/line : see Defectlive
stretch : see ‘RESTCRE STRETCH’ in commerd index and use the
slice : see ‘RESTORE SLICE’ or ‘RESTCRE STRETCH’ in ccmmerd irdex
ard use the "none" secondary command 186
overlay from screen ' 11
& whole or part of an image : see Erase
text  see Erase
nolse .rom an image : see Nolse
stripes from an image : see Destripe
Replace a bad pixel/group of pixels/line : see Defective
Resample : see Interpolation
Resolution. Display of images with different resolutions
¢ ‘RGB TO INT HUE SAT’ in ’Special’ l1e4-151
Return =}
RGB ie red green blue. Discussion , 144-151
Rotats
LUT : 'COLCUR RCTATE’ in ‘Text’ 122
image in steps of 90 degrees : 'COPY’ in ‘Special’ 142~-143
image generally : 'ROTATE’ in ’Special’ 143
Rub-cut : see Erase
Sampling : see Interpolation
Integer sampling of an image in the host computer
: ‘OOFY IMAGE TO STCRE’ ard 'LEFINE EXTRACT' in ‘Copy’ 1920
turation : ‘RGB TO INT HUE SAT’ in ’Special’ 144-151
Scatter dlagram or plot
: ’SCATTER DIAGRAM’ in ‘Maths’ (rectangular area) 63
: OVERLAY 4 SCATTER DIAGRAM’ in 'Maths’ (irregular areas) 72
Examples ~n
Scersa : see Image
Secordary commard 8-3

Select : see Chocse
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Sequence
Display a sequence of lmages : 'PLANE SEQUENCE’ in 'Special’ 141-142
Display a sequence of two images : ‘PLANE FLICX’ in ‘Special’ 141

Display a sequence of moving images : see Animation
Sharpening of lmages : see Edge enhancement

Shift .
Measure the shift required to make cne image overlay another
: ‘PLANE FLICK’ in ‘Special’ 141
an i.mage by an integer number of pixels
‘TEFINE EXTRACT’ and 'COPY IMAGE TO STCRE’ in ‘Copy’ 19-20
: ses Co

an image by a fracticmal number of pixels
: 'DEFINE FILTER’ in ’‘Linear’ to create a filter with a single

non-zero welght =2
‘SHIFT AND ROTATE’ in ‘Linear’ to move this single weight

by a fraction of a pixel 93-4
‘FILTER IMAGE’ in ’‘Linear’ to move the image a3

! sec Move ard Sprite
Sinc ise sinx/x

Interpolation 94,180

image 137-138,183
Slice : see ‘Density’ chapter 3643
Smcoth

! 'SMOQTH’ in ‘Maths’ 47-4¢

: ‘MEDIAN SMOOTH’ in ‘Maths’ 58-61

: see ’‘Linear’ chapter 78-4

! see ’‘Fouriler’ chapter 154-180

Source store or input store. The store contalning the image to ke prccessed.
The results from the process arse collected in the output stors.

Spatial
filter : see Fllter
frequency 47,51,76-89
Sprite
: 'TRAW SPRITE’ in 'Text’ 118-120
To move or copy, like a sprite, a small plece of an image
: 'COPY AREA’ in "Text’ 118
Square root of a number or an imags 132
Stardard deviation
of intensity : ‘EISTOGRAM’ in ’‘Contrast’ (rectangular area) 33-34
Examples 25
‘OVERLAY 4 HISTOGRAM’ in ‘Contrast’ (irregular aTea) 34
used in the maximum likelihood classifier 26-28
ugsed in principal ccmpopents analvysis €8,71

Status 9.1%

~—




Step wedge : see Grey scale

Stereo. Production of stereo images : ‘STEREO PAIR’ in ‘Special’ 152-153
Stop 9
Store : see Image store 1
To store an image : see Copy
Stretch : see Contrast stretch
Striping : see Destripe
Subtract
one imege fram another : 'SUB’ in ‘Arith’ 127 1
or "minus" under ‘DEFINE FRCGRAM' in Arith’ 131
a constant from an image : "minus" urder ‘DEFINE PROGRAM’ in 'Arith’ 131
Oor ‘MANUAL’ in ‘Contrast’ 29-3C
or ‘LINEAR STRETCE’ in ‘Text’ 122-123
Examples of subtraction 134-129
Television 4
Template : see Mask
Text : ‘WRITE TEXT’ in ‘Text’ 113-11<
Thermal images mized with otkers
: 'RGB TO INT HUE SAT’ in ‘Special’ l4a-151
or ‘STEREO PATR’ in ’‘Special’ 1852-1353
Tizes : see Multiply
Training area for use by the classifiers
Drawing/definirg training area : 'DEFINE TR AREA’ in 'Class’ 1C3-1C=
Copying training area to a bit plane : ‘COPY BIT PLANE’ in 'Class’ iCa

Choosirg which training areas (already defined) are to be used iz
the clessification prccess : ‘CEOOSE TR AREA’ in ‘Class’

Transect @ 'TRANSECT GRAYH’ in ‘Centrast’
Transfer : see Corm
Tracsfer furcticn

Traxsformation
ratrix
Rarhuren-Icevs, Hotelling, elgenvector,
or prizcipal compezent transformaticn
Fcurler transformation : see 'Fcurier’ chagter
‘RGB TO INT HUE SAT’ and 'INT HUE SAT TO RG3°
traaosformatiocns ia ‘Special’

e
€6-72
1534120
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Trigoncmetric functions : under ‘DEFINE PROGRAM’ in ‘Arith’ 132
Truncate intenmsity : see Limit

v 4
Typing errors. Correction of them 113

Uncorrelated images : see Correlation
Unity transfer function 23

Value : see Intensity
00 4

Virtual store ’ 7

Wedge : see Grey scals

Weight used in filtering 44,76
Working store 7,17
Write
text in an image or overlay plane : ‘WRITE TEXT’ in ‘Text’ 113-114
graphics in an image or overlay plane : ses 'Text’ chapter 110-125
image data into an image : ‘WRITE IMAGE’ in ‘Linear’ =

Zcom : see Magnify
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